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Medotopes by Squibb- 


Radioactive Pharmaceuticals for diagnosis and therapy 


JODOTOPE DIAGNOSTIC 
Thyroid gland 
protein-bound-iodine (PBI) 
‘studies, and thyroid scann 


ALBUMOTOPE 

Blood and plasma 
times, cardiac 
output. 


OMITOPE SODIUM. 
Tagging red blood cells 
r Volume, survival, 
bleeding. 


acid absorption studies 
_ TRIOLEOTOPE i 
Fat absorption and 
Pancreatic. 

studies. 


\DI0- 
iver function, blood 
circhlation studies. 


ROBENGATOPE 
Liver function. 
SQUIBB 


Squibb Quality 


—the Priceless Ingredient 


Medotopes cover an extensive range of 
diagnostic and therapeutic procedures, 
each reflecting the latest developments in 
radioactive medicine. All Medotopes con- 
vey, as well, the utmost in safety and con- 
venience. All feature unique packaging 
safeguards: exclusive lead shield en- 
closures for easy opening — no direct 
contact is required; bottle caps unscrew 
automatically; shipping cartons have 
“pull-tab” openers; vials and bottles are 
carefully encased and then doubly pro- 
tected by transparent, shatterproof plastic 
coatings. Each preparation is custom- 
handled. Delivery is custom-routed by 
Squibb Traffic Service. Access to three 
major airports expedites this service. 


Diagnostic Medotopes, in addition to 
those illustrated, are: Chromitope Chlor- 
ide Ferrutope * Phosphotope Rubra- 
tope 58 and 60 * Cobatope 58 and 60 
Tritiotope * Therapeutic Medotopes are: 
Aureotope * Chromphosphotope * Iodo- 
tope * Iriditope * Phosphotope. 


For full information, communicate with 
E. R. Squibb & Sons, Professional Service 
Department, 745 Fifth Avenue, New York 
22, New York. 


opes 


‘aceumotore’®, ‘aurcotore’®, “cuococrarin’®, ‘curomitore’®, 
‘COBATOPE 58 AND 60’®, 
‘rosencatore’®, ‘rusratore’®, 
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The macro-analytical 
balance, type S-5, 


capacity 160 grams, 
6 8 8 95 reads to 5 decimal 


places - the 5th place 
showing either 


actual size read-out as O or 5. 


The new Mettler balance, type S, incorporates patented 
features which have proven themselves in other Mettler 
models. In addition, it has a complete digital read-out, 
also patented by Mettler. This is not just a matter of great 
convenience to the operator, but a completely successful 
means to eliminate a significant subjective error, which 
occurs when the final digits of a result are estimated. 


Write to us today 
for literature with 
detailed specifications. 


METTLER INSTRUMENT CORPORATION 


P. 0. BOX 100, PRINCETON, NEW JERSEY 
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Why polyethylene for 
precision pipettes? 


Many people are surprised, when they first see the Beckman Ultramicro 
Analytical System, to find that the micropipettes are made of polyethylene. 
There are good reasons for this. 

The handling of small volumes (in the 10-200 microliter range) puts a 
premium on reproducibility of measurement. Unfortunately, in this vol- 
ume range, the inherently-wettable surfaces and the fragility of glass 
become major drawbacks. 

But polyethylene, formed into tiny calibrated pipettes, overcomes these 
problems, and offers other advantages as well. 

First, polyethylene is virtually non-wettable Its adhesion-resistant 
surface sheds fluids with ease—a vital advantage in small sample work, 
and a permanent one with polyethylene. 

This means we can make polyethylene pipettes aimost self- 
measuring When you fill a polyethylene pipette of our “open-end” 
design, the menisci break off cleanly at both ends, trapping the same vol- 
ume time after time, with no visual judgment necessary. 
Polyethylene pipettes deliver their full volume A gentle squeeze 
of the plastic bottle delivers the measured amount. Trained personnel 
achieve the same order of reproducibility that they get with macropipettes 
—even on volumes as small as 1/10th of a drop. 

Polyethylene pipettes require little or no cleaning Because their 
surfaces are inert and non-wetting, and because filling procedures call 
for a tiny overflow droplet to rinse the pipette, contamination from con- 
secutive samples is not a factor. You can run dozens of tests in quick 
succession, without pausing to wash. 

Finally, these polyethylene pipettes are shatterproof Knock them 
over, drop them—they won't break. Result: a long life, and a chance to 
budget your replacement money elsewhere. 

These precisely calibrated polyethylene pipettes, attached to a special 
plastic bottle assembly, thus make it possible for you to handle and 
measure small volumes reproducibly, and with ease. 

The micropipette is the heart of the Beckman System of ultramicro anal- 
ysis. Using this new miniaturized system, consisting of pipettes, microfuge, 
microtitrator, spectro -colorimeter and micromixer, plus reagents and 
standards for 10 blood tests, you can run chemical analyses of drop-size 
samples efficiently and economically. Test these pipettes in your own 
laboratory. Write on your company letterhead for a free sample. 


INSTRUMENTS INC. 


SPINCO DIVISION 
STANFORD INDUSTRIAL PARK 
PALO ALTO. CALIFORNIA 
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clinical experience continues to corroborate 


the range and efficacy of 


Cyclophosphamide, Mead Johnson 


CYTOTOXIC AGENT for palliative chemotherapy 
of certain types of malignant neoplasms 


Cytoxan demonstrated therapeutic advantage over certain other 
agents in a recent 12-month study* of 130 patients, most of whom 
were refractory to previous treatment: 


DISEASE INUMBER OF ESULTS INADEQUATE 
PATIENTS TRANSIENT FAILURE TRIAL 


Lymphoma 74 5 23 
4 
0 


Hodgkin's Disease 29 


Lymphosarcoma 


Multiple Myeloma 


Reticulum Cell Disease 


Leukemia 


Chronic Lymphatic Leukemia 


Acute Monoblastic Leukemia 


ei ei w 


Acute Myeloblastic Leukemia 


Carcinoma (Breast, 
Lung, and Solid Tumors) 


Miscellaneous (Mycosis 
Fungoides, Psoriasis) 


Total 130 46 


Adapted from Wall, R. L., and Conrad, F. G.* 

Note that the neoplastic disorders most responsive to Cytoxan were lymphosarcoma, mul- 
tiple myeloma, Hodgkin's disease, and chronic lymphatic leukemia. Occasionally, good 
results were observed in acute monocytic leukemia and carcinoma of the breast. 


Other advantages noted in this study* 
+ multiple routes of administration, permitting prolonged maintenance therapy « lack 
of latency period for bone marrow depression « failure to produce significant thrombo- 
cytopenia « potential therapeutic effect in diseases usually unresponsive to other mustard 
compounds (e.g., myeloma). 

*Wall, R. L., and Conrad, FE G.: Arch. Int. Med. 108:456-482, 1961, 
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INDICATIONS: Cytoxan is valuable for palliative therapy 
of certain malignant neoplasms, particularly some of those 
arising in the reticuloendothelial and hematopoietic sys- 
tems and certain solid tumors. 

Types of cancer which have proved relatively more sus- 
ceptible or more resistant to Cytoxan therapy may be 
grouped as follows: 

Group I: Neoplasms relatively susceptible to Cytoxan 

Hodgkin's disease 

Lymphomas: lymphosarcoma; giant follicular lym- 

phoma; reticulum cell sarcoma 

Leukemia: acute; chronic 

Mycosis fungoides 
Group II: Neoplasms relatively resistant to Cytoxan 

Malignant neoplasms of the breast and the ovary* 

Malignant neoplasms of the lung, the gastrointestinal 

tract and the genitourinary system, including the cervix 

and the uterus 

Malignant neoplasms of miscellaneous origin 

Malignant melanomas 
*Malignant tumors of these organs are somewhat more sus- 
ceptible to Cytoxan therapy than are the others included 
in this group. 
DOSAGE: For neoplasms relatively susceptible to Cytoxan 
—Patients with lymphomas and other neoplasms believed 
to be relatively susceptible to Cytoxan therapy are given 
an initial dose of 2 to 8 mg./Kg./day intravenously. White 
blood counts and platelet determinations should be made 
daily or twice weekly and the dosage adjusted accordingly. 
Intravenous infusions should be continued for at least 
6 days unless otherwise indicated. A leukopenia of between 
1500 and 5000 cells per cu. mm. (or lower) may be expected 
between the tenth and fourteenth day. In the presence of 
a leukopenia of less than 2000/cu. mm. Cytoxan should be 
discontinued until the white cell count returns to 2000 to 
5000 (usually within a week). Dosage is subsequently ad- 
justed as indicated by the patient's objective response and 
the leukocyte count. If the patient is subjectively improved, 
if the size of the tumor has decreased, or if the white cells 
are satisfactorily maintained between 2000 and 5000/cu. 
mm. oral dosage may be instituted equivalent to intra- 
venous dosage. 

Thrombocytopenia is rarely observed on this regimen. 
If platelet counts of less than 100,000/cu. mm. are ob- 
served, the patient should be watched carefully. If plate- 
lets continue to decrease, Cytoxan should be discontinued. 

The patient who has had previous treatment with alkyl- 
ating agents, or x-ray, or is debilitated may be more sus- 
ceptible to bone marrow depression, and initial Cytoxan 
doses should be more conservative than the above. Such 
patients should have more frequent hematologic evaluation. 
Good medical practice demands access to a reliable hema- 
tologic laboratory when using Cytoxan. 

For neoplasms relatively resistant to Cytoxan — Patients 
with carcinomas and other malignant neoplasms believed to 
be less susceptible to Cytoxan therapy are given a dose of 
4 to 8 mg./Kg./day intravenously. Unless there are indica- 
tions to the contrary, this dose is continued for 6 days, then 
stopped. Leukopenia usually ensues on the tenth to four- 
teenth day after the first dose of Cytoxan. Thrombocyte 
reduction is not common, and platelets may actually in- 
crease. The leukocyte count promptly returns toward nor- 
mal levels in most cases, and as it begins to increase, suffi- 
cient Cytoxan is administered to maintain it near 2000 to 
5000/cu. mm. This may be accomplished by two intravenous 
injections weekly, or by oral administration, or by a com- 
bination of both routes. An oral dosage of 50 to 200 mg. 
daily or an intravenous injection of 5 mg./Kg. twice weekly 
will usually suffice. 

The platelet and leukocyte counts should be followed 
carefully, and the prior treatment history of patients care- 
fully evaluated as delineated above. 

Leukopenia as a guide to adequacy of dosage —The best 
objective measure for dosage seems to be the number of 
circulating white blood cells. This is used as an index of 
the activity of the hematopoietic system, especially the 
bone marrow. The mechanism by which Cytoxan causes 
a reduction in the level of white blood cells is not known, 
but cessation of dosage results in an increase in the level, 
indicating that the hematopoietic system had not been 
permanently affected. When large doses (8 mg./Kg./day 
for 6 days) are given initially, the white cell count falls 
rapidly. Following the cessation of the 6-day course, the 
white cells may continue to decline for as long as 8 days 
and then increase. The reduction of the white cell count 
during Cytoxan therapy and its subsequent increase when 
therapy is discontinued can be repeated in the same patient. 


Maximal reduction in leukocyte count indicates the maxi- 
mal permissible Cytoxan level for therapeutic effect. Leuko- 
penic patients must be watched carefully for evidence of 
infection. 

Total white blood cell and thrombocyte counts should 

be obtained 2 or more times weekly in order to evaluate 
therapy and to adjust dosage. 
SIDE EFFECTS: Although Cytoxan is related to nitrogen 
mustard, it has no vesicant effect on tissue. It does not 
traumatize the vein when injected intravenously, nor does 
it cause any localized tissue reaction following extravasation. 
It may be administered intravenously, intramuscularly, 
intraperitoneally, intrapleurally or directly into the tumor, 
when indicated. It is apparently active by each of these 
routes. 

Nausea and vomiting are common and depend on dose 
and on individual susceptibility. However, many investi- 
gators accept the nausea and vomiting in favor of main- 
taining maximal therapy. The vomiting can be controlled 
with antiemetic agents. 

Alopecia is a frequent side reaction to Cytoxan therapy. 
It has been observed in 28% of the patients studied in this 
country. The incidence is greater with larger doses. The 
loss of hair may first be noted about the 21st day of therapy 
and may proceed to alopecia totalis. This-effect is reversed 
following discontinuance of Cytoxan; during reduced main- 
tenance therapy, hair may reappear. It is essential to ad- 
vise the patient in advance concerning this effect of the 
drug. 

Dizziness of short duration and of minor degree has 
occasionally been reported. 

Leukopenia is an expected effect and can be used as a 
guide to therapy. Thrombocytopenia may occur, especially 
after large doses. The leukocyte or platelet counts of an 
occasional patient may fall precipitously after even small 
doses of Cytoxan, as with all alkylating agents. The drug 
should be discontinued in such patients and reinstituted 
later at lower dosage after satisfactory hematologic recovery 
has occurred. Prior treatment with x-ray or with other 
chemotherapeutic agents frequently causes an earlier or 
exaggerated leukopenia or thrombocytopenia after Cytoxan 
medication. Only rarely has there been a report of erythro- 
cyte or hemoglobin reduction. 

ADMINISTRATION: Add 5 cc. sterile water (Water for 
Injection, U.S.P.) to 100 mg. of Cytoxan in the sterile vial 
(add 10 cc. to 200 mg. vial). Shake, allow to stand until 
clear, remove with sterile syringe and needle and inject. 

The freshly prepared solution of Cytoxan may be ad- 
ministered intravenously, intramuscularly, intraperitone- 
ally, intrapleurally, or directly into the tumor. The solution 
should be administered promptly after being made but is 
satisfactory for use for three hours after preparation. 

If the patient is receiving a parenteral infusion, the 
Cytoxan solution may be injected into the rubber tubing 
if the solution is glucose or saline. 

No thrombosis or thrombophlebitis has been reported 
from injections of Cytoxan. Extravasation of the drug into 
the subcutaneous tissues does not result in local reactions. 
PRECAUTIONS: Cytoxan should not be given to any 
person with a severe leukopenia, thrombocytopenia, or 
bone marrow infiltrated with malignant cells. It may be 
given with suitable precautions to patients who have had 
recent X-ray treatment, recent treatment with a cytotoxic 
agent, a surgical procedure within 2 to 3 weeks, or debili- 
tated patients. 

AVAILABILITY: Cytoxan is available as follows: 

Cytoxan for Injection, 100 mg., a sterile dry-filled vial 
containing 100 mg. cyclophosphamide and 45 mg. sodium 
chloride. Packaged, 12 vials per carton. 

Cytoxan for Injection, 200 mg., a sterile dry-filled vial 
containing 200 mg. cyclophosphamide and 90 mg. sodium 
chloride. Packaged, 12 vials per carton. 

Cytoxan Tablets for oral administration, 50 mg., white, 

round tablets, flecked with blue for easy identification. 
Packaged, 100 tablets per bottle. 
For a copy of the Cytoxan brochure, or other additional 
information on Cytoxan, communicate directly with the 
Medical Department, Mead Johnson Laboratories, Evans- 
ville 21, Indiana. 
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CLINICAL SCIENCE 


Editorial Board 


for the Medical Research Society 
M. But, Chairman, A. C. DorNuHorRstT, A. D. M. GREENFIELD, E. J. M. CAMPBELL 


for the Biochemical Society 
N. F. MacLaGan, Deputy Chairman, C. H. Gray, N. H. Martin, F. T. G. PRunry 


Volume 21, Part 1. August 1961. 


Some anomalies in the measurement of pulmonary diffusion in asbestosis and chronic bronchitis with emphysema. By M. L. 
THOMSON, MARGARET W. McGratu, W. J. SMITHER and J. M. SHEPHERD. 


Pulmonary diffusion at small lung vol in asbestosis and chronic bronchitis with emphysema. By Marcarer W. McGRaATH 
and M. L. THomson. 

Further observations on the normal survival curve of *'Cr-labelled red cells. By P. L. MoLitson. 

Salivary electrolyte composition at high altitude. By E.S. WILLIAMs. 


The use of indocyanine green in the measurement of hepatic blood flow and as a test of hepatic function. By J. CArsar, S. 
SuaALpon, L. CHIANDUss!, L. GUEVARA and SHEILA SHERLOCK. 


Some basic observations on a i tabolism of the liver. The role of hepatic blood flow. By P. Potyiy, \. M. RAPPAPORT 
and J. W. Scott. 

Blood flow and blood pressure after noradrenaline infusions. By A. F. Lever, J. F. Mowsray and W. S. PEART. 

Serum proteins in normal urine. By D.S. Rowe and J. F. SooruiLt. 

The proteins of postural and exercise proteinuria. By D.S. Rowe and J. F. Soorui... 


The a of exercise and of breathing oxygen-enriched air on the pulmonary circulation in emphysema. By A. H. KITCHIN, 
. P. LowtHer and M. B. MattTHews, 


Alveolar gas and anatomical dead-space measurements in normal newborn infants. By L. B. STRANG. 

An examination of the blood of febrile subjects for pyrogenic properties. By E.S. SNELL. 

Renal phosphate excretion indices in the diagnosis of hyperparathyroidism. By A. HODGKINSON. 

The effect of control of blood pressure on vascular reactivity in experimental renal hypertension. By E.G. MCQUEEN. 


Volume 21, Part 2. October 1961. 


Proteinuria in the nephrotic syndrome and in hypertensive renal failure. By M. H. Roscor. 
Effects of brachial arterial infusion of bretylium tosylate on hand blood flow. By FE. B. FRENCH and M. B. MaAtrHews. 
The determination of _—. oe in white blood cells. A comparison of W.B.C. ascorbic acid and phenolic acid excretion in 
elderly patients. By K. W. Denson and E. F, Bowers. 
Respiratory reflexes in man a other mammalian species. By J. G. WippicomBe. 
eee 4 on the variability of the specific activity of potassium in the measurement of total exchangeable potassium. By 
>. STAFFURTH. 


Localization of the renal mechanisms of excretion of mecamylamine and indolylacetic acid in the dog. By kK. D. G. Epwarps, 
M{. A. CRawrorpb, W. J. Dempster, M. D. MILNE and A. SICINSKI. 


Serum haptoglobins and other tests in the diagnosis of hepatobiliary j di By J. A. Owen, R. Papany! and H. Smit. 

The anti-diuretic hormone and liver damage. By R. R. CHAvpuury, H. K. Cuutrant and V. RAMALINGASWAMI. 

Effect of vasopressin on the volume of body fluid compartments and its relation to aldosterone excretion. By J. R. Cox, P. J. 
LEONARD and BERTHA SINGER. 

The association between protein and bilirubin in liquor amnii. By A, E. WiLp. 

The effect of natural oils and triglycerides on the electrolyte qo of muscle cells in the rat—augmentation of the sodium 
pump. By Donacp B. CHEEK, MALVINA MALINEK and A. B. Ho’ 

Thyroxine-binding capacity of the carric: protein fraction in serum of ne with thyroid dysfunction. By A. BAKKER, M. G. 
WOoLbDRING and H. DoorENBOs., 

Studies on the efferent mechanism of the sodium diuresis which follows the administration of intravenous saline in the dog. By 
H. E. pe WARDENER, Ivor H. Mitts, W. F. CLapuHam and C. J. HAYTER. 

Studies on the afferent mechanism of the sodium chloride diuresis which follows intravenous saline in the dog. By Ivor H. 
Mitts, H. E. pg WaRDENER, C. J. HAYTER and W. F. CLAPHAM, 


Subscription Rate: $13.50 per volume of three parts. ($27.00 per year) 


orders may be placed with your bookseller, or sent direct to the publishers 


CAMBRIDGE UNIVERSITY PRESS 
32 East 57th Street, New York 22,N.Y. Bentley House, 200 Euston Road, London, N.W. 1 
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ROBLEM: 
count 6,000 cells per second 


ONLY . OLUTION: 


ine Coulter 
Counter® 


France, Germany, Japan, Brazil and throughout the world. 


NON-OPTIC! 


| counts, sizes red or white blood 


cells, tissue cultures, bacteria, protozoa... 1 by 1! 


Speed: unprecedented. Accuracy and reliability: unparalleled. 


Economy: substantial. Customary “count” 


tedium: eliminated. A few reasons why the Coulter Counter is 


standard in over 1500 hospitals and research centers. 


Learn why the Coulter Counter 
Trade Mark 


is accepted as a major breakthrough 


in cell analysis. Write today C 0 U LT E R E L E C T R 0 N | C S 


2525 North Sheffield Avenue, Chicago 14, Illinois 
Call collect: EAstgate 7-8025 


for complete details. 
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oca-Cola, too, has its place 
inawellbalanced diet. As a 
pure, wholesome drink, it 
provides a bit of quick energy.. 
brings you back refreshed after 
work or play. It contributes to 
good health by providing a 
pleasurable moment’s pause 
from the pace of a busy day. 


CHEMICALS 


@ Sodium p-Aminosalicylate 

@ Sodium Benzyl 

@ Sodium Borofluoride 

@ Sodium Borophosphate 

@ Sodium Carraghenate 

@ Sodium Chloroplatinate 

Sodium Dithionite 

@Sodium Dodecylbenzenesulfonate 
@ Sodium Fluoroacetate 

@ Sodium Hyponitrite 

@ Sodium Monofluorophosphate 

@ Sodium Myristyl Sulfate 

@ Sodium a-Napthylphosphate 

Sodium Nucleate 

@ Sodium Pentacyanoaminoferroate 
Sodium Pentacyanoaquoferroate 
@ Sodium Protalbinate 

@ Sodium Thioselenite 

@ Sodium Titanium Fluoride 


Ask for our new 
complete catalogue 


47 West 60th St., New York 23, New York — 
Plaza 7-8171 


WANTED 


Back Issues of 


THE JOURNAL OF 
CLINICAL INVESTIGATION 
January, May, June, July, (Pt. I), 
September, through December, 
1955 
February, July, August, Sept., and 
November, 1959 
February and October, 1960 
75¢ per copy and postage 


For particulars about mailing write to 


The Journal of Clinical 
Investigation 
Business Office 
333 Cedar Street 
New Haven 11, Conn. 
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SERIES 700 LIQUID SCINTILLATION SYSTEMS 


UNSURPASSED IN PERFORMANCE, 
EFFICIENCY, AND CONVENIENCE 
FOR THE BIOLOGICAL RESEARCHER 


— 

4 
) 

: 

| 

ria 

fous 

— | 
ats 
| | 
= 
j 
| 


MODEL 


1Q2 


MODEL 


NUCLEAR-CHICAGO SERIES 700 


LIQUID SCINTILLATION SYSTEMS OFFER UNPARALLELED 
PERFORMANCE, EFFICIENCY, AND CONVENIENCE 


The Series 700—-compatible with your pres- 
ent standard scaling instruments—easily ac- 
commodates to growth of research programs 
and equipment needs. The interchangeability 
of the unique dual detector, elevator assem- 
bly, solid-state electronics, and cabinetry 
permits the small laboratory to advance from 
one system to another as the budget grows— 
to go from manual operation at room temper- 
atures with the 701, to manual temperature- 
controlled operation with the 702, and on to 
automatic temperature-controlled operation 
with the 703. Larger laboratories, requiring 
utmost precision for large numbers of sam- 
ples, can obtain the 703 system with sophis- 
ticated, automatic readout — provided by 
Nuclear-Chicago’s new Logic Series scalers, 
timer, and printer. 


In all three systems, independent two-chan- 
nel selection permits overlapping or sepa- 
rated channel counting. True double pulse 
resolution of less than one microsecond al- 
lows high speed counting with extremely 
small resolution losses. New, high gain photo- 
multiplier tubes permit use of low electronic 


gain, providing vastly improved overload re- 
covery characteristics while eliminating sys- 
tem “paralysis.”” Now, isotopes of widely 
differing energies and samples with count- 
rates varying from 500 cpm to 1,000,000 
cpm can be counted alternately without 
gain shifts or memory effects causing loss 
of reproducibility. 


MODEL 701 Liquid Scintillation System is 
chosen for economical, room temperature 
counting of carbon-14 and tritium. It is a 
modestly priced, high efficiency basic system 
with components common to all 700 Series 
models. The compact console houses a motor- 
driven elevator to position the sample in an 
optical cell; a dual-detector assembly; stabil- 
ized high voltage supply; fast coincidence cir- 
cuitry; and a high speed, dual channel pulse- 
height analyzer. The detector assembly con- 
sists of high efficiency dual photomultiplier 
tubes shielded from external radiation and 
ambient temperature changes by steel and 
lead. A precision, automatically operated 
shutter eliminates light exposure to the pho- 
tomultiplier tubes and permits use of the 701 
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PERCENT 80 
ABSOLUTE 

» | EFFICIENCY 60 

FOR 

CARBON-14 40 


PERCENT 40 


ABSOLUTE 
FOR 


TRITIUM 26 702 & 703 


in ordinary room lighting. Output signals 
from the solid state circuitry are shaped 
pulses which can feed any standard scaling 
instrument. Nuclear-Chicago’s Model 8250 
Logic scaler is shown here mounted atop the 
701 console. 


MODEL 702 has the dual-detector assembly 
mounted in a custom designed cooling cham- 
ber which permits highest efficiency for man- 
ual counting of C-14 and H-3 samples. The 
cooling chamber temperature is variable from 
+10° to +50°F and is stable with +1°F. 
A pushbutton control on the front of the 
cooling chamber operates the motor-driven 
elevator which positions the sample in the 
dual detector assembly. Logic 8250 scaler 
and Logic 8600 timer are shown. 


MODEL 703 is the most advanced counting 

\ system of its kind, providing both automatic 
sample changing and temperature controlled 
operation. Its sophisticated options of data 
presentation and versatile modes of auto- 
matic operation suggest it as the system of 
choice for laboratories counting many sam- 
ples. A two-digit display on the cooling cham- 
ber shows the number of the sample which is 
in the counting position. The changer accepts 
up to 50 samples at a time, and an additional 
removable rack holds 50 more samples for 
temperature adaptation prior to measure- 
ment. Two 8250 scalers, 8600 timer, and 
8401 digital recorder are shown. 
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NUCLEAR-CHICAGO SYSTEMS 
FOR BIOLOGICAL RESEARCH 


The systems presented here demonstrate the 
scope and completeness of Nuclear-Chicago’s 
products for the biological researcher. They 
are—instrument by instrument, and system 
by system—capable of efficient, precise per- 
formance with unusual reliability. They are 
representative of the more than 250 in- 
struments, counting systems, radionuclides 
and accessories presented in detail in Nu- 
clear-Chicago’s new, 96-page general catalog. 
Please send for your copy — you will find 
unequalled variety and versatility in the 
complete Nuclear-Chicago line. 


C100B Actigraph II® automatically 
scans strip radiochromatograms. 


6000 Dynacon®Electrometer measures 
beta radiation in solid, liquid, or gaseous 
samples. 


Automatic Sample Changer accepts 
up to 49 gamma-emitting samples in test 
tubes. Scintillation well detector is mounted 
in console. 


€110B Automatic Sample Changer ac- 
cepts up to 35 solid beta samples 1 in. or 
114, in. diameter. 


C115 Automatic Beta Sample Changer is 
supplied with guarded gas-flow detector with 
background of only 2 cpm. 


' C210 Automatic Sample Changer accepts 
50 or more beta samples up to 2 in. diameter. 


333 East Howard Avenue Des Plaines, I/linois 


Printed in U.S.A. 
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CHLORAMBUCIL (formerly known as C. B. 1348) 


FOR CHRONIC LYMPHOCYTIC LEUKEMIA 


A derivative of nitrogen mustard, it has provided amelioration of follicular lym- 
phoma, lymphocytic lymphoma with or without leukemia, and Hodgkia’s disease. 


Sugar-coated Tablets of 2 mg. 


BUSULFAN 


FOR CHRONIC MYELOCYTIC LEUKEMIA 


‘Myleran’ has been reported to induce remissions, lasting up to two years, in chronic 
myelocytic leukemia. In addition to the decrease in total white cell count and a 
selective reduction of immature myeloid cells, it usually gives, early after its ad. 
ministration, a rise in hemoglobin level and pronounced subjective improvement. 


MERCAPTOPURINE 


FOR ACUTE LEUKEMIA AND CHRONIC MYELOCYTIC LEUKEMIA 


‘Purinethol’ provides worth-while temporary remissions, either partial or complete, 
in a high percentage of patients. In general, a higher proportion of children than 
adults with acute leukemia respond favorably. 


Tablets of 50 mg. 


Facilities for complete and frequent blood counts must be available for patients 
receiving ‘Leukeran’, ‘Myleran’ or ‘Purinethol’. 


Full information about these products will be sent on request. 


K BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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Serpasil lowers blood pressure gently, guards against cardiac damage 
'Serpasil—in addition to its well-established ef- 


fectiveness in controlling high biood pressure 
offers an imporiant bonus in treating hypertension. 
Laboratory studies show that Serpasil can prevent 
stress-induced heart damage,'? presumably 
through its ability to deplete the catecholamines 
(epinephrine and norepinephrine) from the 
myocardium. 

These laboratory data are clinically significant in 
light of growing evidence®’ that more than purely 
“mechanical” overwork may be involved in cardiac 
damage associated with hypertensive disease. 
Raab® suggests that much of this damage is due 
to.a direct metabolic action of the catecholamines 
on heart muscle. The way to prevent it, he 
believes, is io deplete or inactivate excess 
catecholamines. 

Thus, Serpasil not only eases the mechanical 
burden on the heart by reducing peripheral re- 
sistance and slowing lieart rate, it may also pro- 
vide protection against catecholamine-induced 


heart damage—the adied benefit in prescribing 


Serpasil for hypertension. 


Reflerencns; 1. Raab, W., Stark, E.. and Gigee, W.R.: Circulation 20:784 (Oct.) 
1969. 2. Raab, W.: Research report to CIBA. 3, Carlsson, A., Rosengren, E. 
Bertier. A., and Nilsson, J.: Puychotropic Orugs (edited by Garattini, and 
Ghetti, V.), Elsevier Publishing Company, Amsterdam, (967, pp. 363-372. 
4, Waud, 0. R., Kottegoda, R., avd Krayer, O.: J. Pharmacol. & Exper. 
Therap. 124:340 (Dec.) 1958.6. Raub, W.: Am. Cardiol, 3571 (May) 1960. 
Bayer, O., Borden, N.E., Bowminghaus, H., and Effert, S.< 2tech:. klin. Med. 
146:607 (June) 1960. 7. Raab, Hormonal and Neurogenic Cardiovascular 
Disorders, The Williams & Wilkins Company, ialtimore, 1653, pp. 457, 46. 


LABORATORY EVIDENCE SHOWS SERPASIL. PREVENTS © 
STRESS-INDUCED HEART DAMAGE? 


Severe heart damage in unprotected No heart damage is stressed rat pro- 
stressed rat. Tissue teken from rat tected with Serpacil,. Tissue taken 
given 2-a-methyl-9-a-fluorchydrocor- from rat given 
tisone and stressed (by restraint) for hydrocortisone anc stressed as at 
16 hours. (Photomicrographs from left, but also given Serpasil (0.4 
microgram daily fer one week). 


While Serpasil did not rompletely protect the hearts of all anima 
this study, it gteatly reduced myocardial damage in most of them Original 
magnification of photomicrographs: epproximately 450 X. 


Complete information about indication dosage, cautions, and 
side effects of Serpasi! — as well as a full report on its beart- 
protecting action ~ will be sent on request. 


supeciep: Tablets, 0.1 mg., 0.25 mg. (scored) and 1 mg. (scored). 
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PLASMA Warner-Chileot 
“time test system 


controls an enzymatic clotting system 


your finger tip 
the only control 


re so efficient it can detect small changes in the test environment. 


so truly sensitive that it can be the standard for a prothrombin time control be- 
| 
ii cause it is: 


and controlled with regard to accelerator factors, pH, salt con- 
centration and ionic strength. This balance razor-sharpens the 
sensitivity of Diagnostic Plasma Warner-Chilcott. 


properly proportioned 


—in our laboratories specializing only in blood coagulation for 


quality controlled throughout 
twenty years. 


—standardized at 100% and at various dilutions through 6% % ? 
of normal activity; standardized for coagulase testing against 
negative, weakly positive and strongly positive coagulase- 
producing organisms; easy to handle, simple to reconstitute, Vv 


key advantages 


ready to use at any time, stable. 


highest reproducibility —test-to-test and vial-to-vial makes it the standard for prothrom- 
bin time determinations as well as other coagulation studies. 


Add to this the resources of twenty 
and you can see why DIAGNOSE PLASMA has.no eq 


AGNOSTIC PLASMA Warner-Chileott, the t sruly s sensi 


r control, is available, from leading laboratory supply dealers in boxes of ten 0.5 mi. ‘isle: 
GENERAL DIAGNOSTICS WARNER-CHILCOTT 


fee, 
with DIAGNOSTIC. 
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THEORY OF THE 
FOR MEASURING METABOLISM 


In increasing numbers investigators are meas- 
uring concentrations of certain substances in 
arterial and in venous blood and equating arteri- 
ovenous (A-V) differences ob- 
tained from simultaneous arterial and venous 
samples to uptake or release of the metabolite 
by a tissue drained by the venous system sam- 
Conditions under which A-V_ concentra- 
tissue 


concentration 


pled. 
tion differences are valid estimates of 
metabolism are sharply limited and, although 
the literature does contain ample warning (e.g., 
References 1-3), these limitations seem to have 
been misunderstood so often that it was thought 
a re-examination of the problem might be helfpul. 

Fundamentally, all such investigations wish 
to employ the Fick principle (4) which states 
that if: a) arterial concentration of substance x 
is constant, 4) if venous concentration of x is 
constant, c) if blood flow is constant and d) if 
uptake (or release) of x is constant, then, input 
of x (= flow multiplied by arterial concentra- 
tion) = output of x (= flow multiplied by ven- 
ous concentration) + tissue metabolism of x 
(where the tissue metabolism term is positive 
if there is tissue uptake and negative if there is 
tissue release). 

Fick, of course, proposed this equation as a 
means of measuring blood flow. The equation 
can be and is used to find any single characteris- 
tic whenever all the others are measured inde- 
pendently, and it is our purpose to consider only 
its application to estimation of tissue metabolism. 

It is obvious immediately that A-V concenitra- 
tion differences cannot be equated to tissue up- 
take unless flow is constant and 
known. 


(or release) 
It is correct to speak of changes in 


* These studies were aided by Contract Nonr-248(34) 
(NR 101-241) between the Office of Naval Research, 
Department of the Navy and The Johns Hopkins Uni- 
versity, by a grant-in-aid from the Muscular Dystrophy 
Associations of America, Inc., and by Public Health 


Service Research Grant A-750 from the National Institute 
of Arthritis and Metabolic Diseases. 
whole or in part is permitted for any 
United States Government. 
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USE OF ARTERIOVENOUS CONCENTRATION 
IN STEADY AND NON-STEADY STATES * 


By KENNETH L. ZIERLER 
(From the Department of Medicine, The Johns Hopkins University and Hospital, Baltimore, Md.) 


(Submitted for publication July 14, 1961; accepted August 17, 1961) 
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DIFFERENCES 


steady state A-V differences (1.e., the difference 
between one steady state and another steady 
state) as proportional to changes in tissue up- 
take (or release) if it is known that flow, al- 
though not quantified, has not changed. The 
curious practice has arisen of recognizing that 
flow must be included in the calculation but then 
ignoring it on the assumption that it is invariant. 
Those experienced in measurement of blood flow 
are familiar with its Blood flow 
through the forearm of man may increase ten- 
fold, for example, with exercise (5)... When cir- 
culation to the hand is added to that of the fore- 
arm, flow through the brachial artery is easily 
doubled and, owing largely to the thermoregula- 
tory function of blood flow to the hand, becomes 


lability. 


unstable in the absence of careful control of ambi- 
ent temperature and humidity. — It is, therefore, 
not at all plausible to dismiss blood flow with 
the assumption that it was constant because the 
investigator was unaware that he had done any- 
thing to change it. 
during sampling provokes vasodilatation, for 


Jiggling an arterial needle 


example, so that most investigators who have not 
taken pains to lead blood from an artery through 
flexible tubing may have altered blood flow by 
as much as 50 per cent and perhaps even by more 
than twofold (observations by R. Andres, G. 
Cader and k. L. Zierler). 

Because blood flow may not be constant we 
must inquire whether or not we can salvage ap- 
plication of the Fick principle by a) defining 
those variations in blood flow that are sufficiently 
small to permit use of the Fick principle (that is, 
‘€ blood flow is treated as invariant, how much 
can it vary and produce no more than some given 
acceptable upper bound on the error estimate ?), 
and 6) redefining the Fick principle to include 
describable unsteady siates of blood fiow. 

Validity of the use of the Fick principle de- 
pends not only on steady blood flow but also on 
constant arterial concentration and on constant 


tissue metabolism. It happens commonly that 


Sic 
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it is desired to measure tissue metabolism pre- 
cisely when arterial concentration is changing or 
when metabolism may be changing. _ It is there- 
fore equally necessary to ask how much change 
in arterial concentration or in metabolism is 
tolerable if the Fick principle is to be used or 
whether the Fick principle can be modified to 
include non-steady states with respect to arterial 
concentration or tissue metabolism. 

Many investigators have stated or implied 
that even though, during non-steady states, an 
A-V_ difference may not measure accurately 
tissue uptake or release at that time, it must be 
true at least qualitatively that a positive A-V 
difference means that there is net tissue uptake, 
and a negative A-V difference means that there is 
net tissue release. This is utterly incorrect, as 
we shall show. 

In substance, then, we ask'what interpretation 
can be put on A-V differences during non-steady 
states. 


Indicator dilution theory: tissue metabolism is zero 

1. Stationary systems. The discussion which 
follows is based on principles developed for 
analysis of indicator dilution theory for measure- 
Indicator dilu- 
tion techniques rely on selection of a substance 


ment of blood flow and volume. 


for which metabolism is zero; i.e., the Fick princi- 
ple reduces to input = output for the steady 
state. The importance of indicator dilution 
theory for the present application is that the 
behavior of certain transient changes in input 
has been analyzed. 

Consider a vascular bed with a single entrance 
and a single exit. Between entrance and exit, 
branching and intercommunication of blood 
vessels may be as complicated as you please. 
The exact form of the internal structure of the 
system is immaterial. Blood entering the sys- 
tem during some time interval, say between time 
t and ¢ + dt, will not leave the system as a unit 
at some later time but will be dispersed with 
The fraction of it which leaves 
the system s time units later between time ¢ + s 
and ¢t + s + ds is h(s) ds, where h(s) is the frac- 
tion leaving per unit time; A(s) is a distribution 
or frequency function with dimension 1/time. 
For example, if 20 per cent of blood which entered 
at time zero leaves the system per unit time dur- 


respect to time. 
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ing the fourth time interval after zero, then /(4) 
=0.2. Thesum of all h(s) is unity; that is, sooner 
or later all the blood which entered at time ¢ 


leaves the system and f h(t) dt = 1. 
0 


of transit times 
If, for ex- 


The distribution function 
through the system is h(s) or h(t). 
ample, the shortest transit time is 3 time units 
and 30 per cent of the blood has such a transit 
time, 40 per cent of the blood has a transit time 
of 4 time units and the remaining 30 per cent of 
the blood has a transit time of 5 time units, 
then, (0) = 0, h(1) = 0, A(2) = 0, h(3) = 0.3, 
h(4) = 0.4, h(5) = 0.3, h(6) = 0. The mean 
time, @, is (3 X 0.3) + (4 X 0.4) + 


transit 


(5 X 0.3) -{ th(t) dt. 


An indicator is a substance which is so dis- 
persed through the system that the distribution 
function of its transit times is the same as that of 
the native material under investigation. That 
is, the distribution function of transit times of 
the indicator, which we can observe and measure, 
gives us the desired distribution function of 
transit times of native unmarked material which 
we cannot otherwise observe. 

If an indicator is introduced as some function 
of time, 7(t), into the entrance of the system, its 
concentration at exit is described by the relation 
which we shall develop provided the following 
conditions hold: a) flow through the system is 
constant: 6) volume of the system is constant; 
c) indicator is mixed thoroughly with inflowing 
blood at the entrance to the system so that 
i(t)/F = C,4(t), that is, injected indicator di- 
vided by appropriate fluid flow is the input con- 
centration of indicator; d) all injected indicator 
leaves the system eventually, that is, there are no 
stagnant pools; e) the system is stationary, that 
is, the distribution function of transit times does 
not change during the period of observation. 
(This is a more strenuous limitation than de- 
manding constant flow and volume, because it is 
possible to vary the distribution function and 
still hold flow and volume constant.) 

We wish to describe concentration of indicator 
at exit at time /, Cy(t), as a function of concen- 
tration of indicator at entrance, C,(t).  Con- 
sider the contribution to the exit concentration 
at time ¢ made by indicator which entered the 
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system s time units earlier, that is, at time (¢ —s). 
The fraction of injected indicator leaving the 
system per unit time is A(s). The amount of it 
leaving the system during the interval between 
s and s+ds time units after introduction is 
Ca(t — s)-h(s)-ds. Now let s vary from 0 to ¢t 
and sum C,(t — s)-h(s)-ds over all such time 
intervals. The sum is the desired concentration 
at exit, or 


Cy(t) = f Ca(t — s) h(s) ds [1] 


Equation 1 is owing to Stephenson (6) and 
further discussion of it may be found in Refer- 
ences 7-9. For present purposes we are inter- 
ested in examining the effect on A-V differences 
of several functions that C4(t) might assume. 

Consider first the behavior of Equation 1 when 
is a constant = J/F for t > 0 and = 0 
for t < 0, where J is the constant rate of injec- 
tion of indicator and F is constant blood flow. 
Equation 1 becomes 


= rf ds 


I 
Because f h(t) dt = 1, limit Cy(t) = EF Cy (t) 
0 


Cy (t) [2] 


approaches that limit along the curve that is pro- 
portional to the cumulative frequency function 


t 
of transit times, f h(s) ds = H(t). The cum- 
0 


ulative frequency function of transit times de- 
scribes the fraction of blood which has traversed 
the system by time t. Thus, if 30 per cent of the 
blood has a transit time of 3 time units, 40 per 
cent has a transit time of 4 time units and none 
has any shorter transit time, then at the end of 
the fourth time unit 70 per cent of the blood 
which entered at time zero has left the system, 
or H1(4) = 0.7. The limit of #7(t), of course, is 1. 

Depending on the exact nature of h(t), Cy (t) 
will look something like the curve drawn in 
Figure, 1. The A-V difference C4(t) — Cy(t) 
= (J/F) — Cy(t), is positive from time zero 
until some time at which the last particle of that 
indicator which was injected at zero time has 
left the system. At that instant H(t) = 1. 

It is obvious, despite the fact that there is a 
period of time during which Cy(t) < Ca(t), that 
there has been no tissue metabolism of indicator ; 
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INDICATOR DILUTION CURVE. Flow constant, and 
stationarity exists. Constant injection. 


Fic. 1. 


that is, a positive A-V difference does not nec- 
essarily mean that there has been uptake of the 
substance by tissues. In the case at hand, the 
area between the arterial and venous concentra- 
tions (see Figure 1) is exactly the mean transit 
time multipled by the steady state concentra- 
tion of indicator, [/F (see Reference 7 for proof). 
The mean transit time, é, is exactly the volume, 
V, in which indicator is distributed, divided by 
the flow, F, through the system. The inte- 
grated A-V difference is therefore proportional 
to V/F. 

If at some time, 7’, after the steady state has 
been reached, injection of indicator ceases, 
arterial concentration at entrance falls immedi- 
ately to zero. We now imagine that indicator is 
washed out of the system by indicator-free fluid 
and the equation becomes 


(0,¢ <0 


I 
h(s) ds, O<t< 7 
F Jo [3] 


Cr (t) = | 


(1 -f h(s) as),1> 


After 
time 7, Cy(t) exceeds C4(t) until all indicator is 


Figure 1 demonstrates Equation 3. 


washed out of the system. This negative A-V 
difference, of course, does not mean that some 
tissue is producing the indicator and delivering 
it to the circulation. Indeed, the integrated 
negative A-V difference is exactly the same size 
as the integrated positive A-V difference and is a 
measure of é. 

There is nothing in this analysis which re- 
stricts the indicator to the vascular system. 
If one uses an indicator which diffuses into inter- 
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stitial space, so long as the original assumptions 
are met, one simply changes the distribution 
function of transit times to include extravascular 
paths. The flow remains the same. The vol- 
ume measured is larger than that of the vascular 
system because it is the volume of distribution 
of indicator. The integrated A-V_ difference 
from time zero to 7 is therefore larger, but there 
is still no measure of tissue metabolism. The 
indicator may be distributed throughout tissue 
water. It will still obey Equation 3. The 
integrated A-V difference from time zero to T 
will be larger. It may even exceed the A-V 
difference of those metabolized substances which 
have an apparent volume of distribution less 
than that of total water. 

Now let us consider the behavior of Equation 
1 when C,(t) is not constant. A simple case lets 
C,(t) increase with constant velocity, that is, 

0,440 
C,(t) = 
a:t,t>0 


where a is a constant. Equation 1 becomes 


t 
Cy(t) = af [t — s] h(s) ds 
R 


t t 
= a f h(s) ds — af sh(s) ds [4] 
0 0 


The asymptotic behavior of Cy (t) is definite from 


t 
Equation 4 because lim f h(s) ds = 1 and lim 
0 


tox 


t 
f sh(s)d =t. Therefore, 


lim Cy(t) = a-(t —t) = Ca(t — 

that is, when all indicator introduced at time 
zero ‘s washed out of the system, then Cy(t) 
equals the arterial concentration introduced ¢ 
time units earlier and Cy(t) continues to be so 
related to C,(t) from then on. There will, 
therefore, always be a positive A-V difference 
even though there is obviously no tissue metab- 
olism of indicator. 

Now let C4 (t) decrease linearly from some pre- 

viously constant concentration; that is, 


(Ca (0), 0 


Ca(t) = C4(0) — a-t,O< t< C4(0)/a 
0,¢> C4 (0) a 


Then Equation 1 becomes 


Cy(t) = Ca (0) 
—a [t—s]h(s)ds, 0<t [5] 


and the asymptotic behavior, until C,(¢) = 0 
at t = C,4(0)/a, is 

lim Cy(t) = Ca(t — 0) 

The A-V difference, once Cy (t) reaches the above 
value, is C4(t) — Cy(t) =— at; that is, the A-V 
difference is always negative. 

It is instructive to combine a rising and falling 
arterial injection so that the envelope of arterial 
concentration is triangular with time, as in 
Then 


a-t, O<t<T 
rece iT 
0, t> 27 


Figure 2. 
Ca(t) = 


Substitution of the appropriate values of Ca (¢ 
— s) into Equation 1 yields the curve of Cy(t) 
for a = 1 and for the function f/f) illustrated in 
Figure 2. The area under the curve C4 (t) equals 
the area under the curve Cy(t) because all in- 
jected indicator must leave the system. 


Ff C,(t) dt is the total indicator injected and 
0 


Ff Cy(t) dt is the total indicator leaving the 
0 


system. It follows immediately, therefore, that 
the shaded area marked A > V in Figure 2 equals 
the shaded area marked V > A. The points to 
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Fic. 2. INDICATOR DILUTION CURVE. Flow constant, 
and stationarity exists. Cu4(t) increases linearly, then 
decreases linearly. 
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be noted in Figure 2 are: that the maximal ve- 
nous concentration is less than the maximal 
arterial; that until 4.5 time units C4 > Cy, al- 
though there is no tissue uptake, and after 4.5 
time units Cy > C4, although there is no tissue 
production; and that Cy continues to rise for a 
time after C4 has begun to fall. 

We can now make a general statement about 
A-V differences of indicators during transient 
changes in indicator input effected by altered 
Ca(t). Assume that Cy(t) and Cy(t) are con- 
stant for a sufficiently long time before ¢ = 0 
and that at ¢ = 0 a change in C,(t) begins. 
Equation 1 can be integrated by parts to yield 


t 
Cy (t) = Cult — s) h(s) ds 
= — s) H(s)|§ 


+f C's(t— s) H(s)ds [6] 


where //(t) is the cumulative distribution func- 
t 

tion f h(s) ds, C's is the first derivative of Cy 
0 

and d C4(t)/di =— d — s)/ds. 


Because H7(0) = 0 in the real vascular system, 
Ca(t—s) H(s)\6 = Ca(O)H(t). 
Because //(t)< 1, if C’a(t) > 0 (that is, if 


t 
C(t) is increasing with time), f C's(t — s) 


t 
Pits) ds = f C's(t — s) ds = Ca(t) — Ca(0). 
0 


Substituting these functions in the integra- 
tion by parts yields Cy (t) < Ca(O)H(t) + Ca(t) 
— Ca(0) = Ca(t) — Ca(O) [1 — W(t], or Cy (t) 
< Ca(t). 


If arterial concentration is decreasing with 


t 
time, C’a(t) <0 and f C'a(t — s) H(s) ds 
0 


t 
> f C’4(t — s) ds. With this substitution 
0 


and by argument similar to that used above, 
Cy(t) > Ca(t). 

Thus, if arterial concentration increases there 
is a positive A-V difference. If arterial con: 
centration decreases there is a negative A-V 
difference. If arterial concentration is constant 
for a sufficiently long period (that is, long enough 
for H(t) to become unity) then venous concen- 
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tration will, when /7(t) = 1, equal arterial con- 
centration. A-V differences occur because posi- 
tive times are required for traversal of the vascu- 
lar net (that is, because H(0) # 1). Clearly, 
then, A-V differences during non-steady states 
are not in themselves evidence of tissue metab- 
olism. 

2. Nonstationary systems; variable flow. We 
have so far been concerned with input changes 
produced by altered concentration at constant 
flow. Now consider input changes produced by 
altered flow. 

Consider first the simplest but least likely case, 
in which flow is altered without altering the dis- 
tribution of transit times (that is, stationarity 
exists). This is possible if the relation V/F = ¢ 
through every path is constant. Such an event 
is handled simply by generalizing Equation 1 


t 
mo(t) = f mi(t — s) h(s) ds [7] 
0 


where mo(t) is output (= flow .. time ¢ multi- 
plied by venous concentration at time f¢) at time 
tand m;(t) is input at time ¢. If Fo(t) is flow at 
output, /;(¢) is inflow, and C4 is the constant 
arterial concentration, then Equation 7 becomes 


Cr(t) = i F;(t s) h(s) ds 
Since nothing has been done to alter concentra- 
tion anywhere in the system, it must be that 
Cy(t) = Cs. Therefore, 
t 
= f F(t — s) h(s) ds [8] 
0 
In a system of rigid tubes containing incom- 
pressible fluid such as water, flow everywhere in 
the system is identical at any time. In particu- 
lar, Fo(t) = F;(t), the limitins case in which 
h(t) is simply a brief spike beginning at ¢ = 0. 
More realistically we must consider that a 
change in flow is associated with a change in the 
distribution of transit times through the system, 
that is, there is nonstationarity. Then if flow, 
F, is a function of time, F(t), so is the distribu- 
tion of transit times a function, not only of 
elapsed time following introduction of indicator, 
but also of absolute time at which indicator was 
introduced. The problem has been explored by 
Sherman (10) following methods used by Zadeh 
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(11) in analysis of variable or dynamic electrical 
networks which depend on specified combina- 
tions of input, output and time. The following 
development relies largely on the work of Zadeh 
and of Sherman. 

We have until now defined the time, or the 
center of gravity of the time interval at which 
indicator is added to the system, as zero time. 
Let us now permit this time of indicator addition 
to be any time, x. Then h(x) is the distribution 
function of transit times through the system 
which exists at time x. But the distribution 
function of transit times is also a function of the 
time elapsed since addition of indicator, a time 
which we will designate a, where a = t — x, the 
difference between absolute time, ¢, and time of 
indicator addition. The distribution function is 
therefore h(x,a) = h(x,t - x) = h(t —a,a). 

Because h(x, a) is a distribution function (that 
is, because all indicator introduced at any given 
time x must eventually leave the system) 


a- f h(t—a,a) dt=1 


Now consider that A(x,a) is the distribution 
function not only of indicator particles but of all 
fluid that entered the system at any given time x. 

Consider the contribution to outflow at time ¢ 
made by fluid that entered the system at a par- 
ticular time before ¢, x; Of the total inflow 
F,(x,), the fraction leaving at a time units later 
[that is, between times ¢ and ¢ + dt (= x; +a 
and x; +a+da)] is h(x:, a) da, or 
d Fo(t) = Fi(x,) h(x, a) da. The total outflow 
is obtained simply by ae the above ex- 
pression for d Fo(t), letting x vary over all pre- 
vious times before ¢, or 


[9] 


= f h(x, t — x) dx 


It is implicit in Equation 9 that once a particle 
enters the system at any given time x it is com- 
mitted to traverse the system at some given tran- 
sit time a with the probability defined by h(x, a), 
and that changes in flow occurring at some other 
x, and therefore changes in h(x, a) do not affect 
transit times of particles already in the system. 
Further, as Sherman pointed out (10), Fo(t) is 
defined only in terms of F(x) and not in terms of 
F;(t), the simultaneous inflow. 

By an argument analogous to that used to 
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develop Equation 9, output of indicator as a 
function of input and time is 


‘o(t) Cy (t) 


Ca(x) h(x, t — x) dx 


[10] 


For the case of constant arterial concentration 
C4, venous concentration at time ¢ is 


Cr(t) = Ss Fi(x) h(x,t — x) dx = Ca 


which is expected because C, is neither diluted 
nor concentrated as it passes through the system. 

For the special case in which F;(x) and C4 (x) 
vary inversely so that their product is constant, 
I, Equation 10 becomes 


Cy(t) = h(x,t —x)dx [11] 


I 
Fo(t) 
After sufficiently long time, because the integral 
in Equation 11 becomes unity, limit of Cy(t) 
= ]/F)(t). Until that time is reached, there 
will be an A-V concentration difference. 

We can define precisely what is meant by a 
sufficiently long time with the aid of Figure 3. 
Several possible distribution functions are il- 
lustrated as histograms by A, C, and F. The 
total area of each distribution function is unity. 
Experimentally, these distribution functions are 
determined by injecting quickly a single quantity 
of indicator into the entrance to the system under 
study and measuring its concentration at exit 
during a period of stationarity. In communica- 
tion engineering this is equivalent to applying a 
brief pulse to the input to a network and observ- 
ing the response at output. In B the unit pulse 
is applied repeatedly, as indicated by the arrows, 
or in a hydrodynamic system indicator is in- 
jected at constant rate. Output distribution 
functions are superposed until the height of the 
output response becomes unity, and it remains 
unity as long as constant input is maintained. 
Although when output response is unity it 
equals the unit input, the output response does 
not represent any single unit input admitted at 
some earlier time but it is made up of contribu- 
tions from a number of earlier inputs. The 
time at which the output response reaches unity 
is exactly the longest transit time in the system, 
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A 


Fic. 3. VARIOUS DISTRIBUTION FUNCTIONS AND THEIR 
COMBINATIONS IN STATIONARY AND NONSTATIONARY STATES. 
Alternating white and shaded areas represent distribution 
of materials entering at successive time intervals. Each 
arrow style represents a different distribution function 
pertinent to entrance time indicated by arrow. The func- 


tions are: A. h(x,a) = B. J, h(s) ds h(x, t 

—x) dx, where h(s) = h(t). C. h(x,a) = holt). D. 

— x) dx, where h(x:) = hy(t), to h(x) 
1 


h(x,t —x) dx, where h(x:) = h(xs) 
1 


= h(xs) = h(x7) = h(t) and h(x2) = h(x4) = 
=h(xs) =ho(t). F. h(x,a)=h3(t). G. t-a) dx, 
where /,(t) and h;(t) exist at alternate time units. H. 
f — x) dx, where h(x:) to h(xs) = hi(t), h(x¢) to 
h(x10) = A(t). 


determined from the single sudden injection 
curve A. 

In Figure 3D, constant injection of indicator 
occurs but the system is nonstationary in that 
the distribution function changes from /;(t) 
during the first time interval to h2(t) for all sub- 
sequent time intervals. Output, which is super- 
posed distribution functions, reaches unity at a 
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time ¢t exactly equal to x2, the time at which the 
distribution function through the system changed 
from h, to ho, plus the longest transit time in the 
function he(t) or in h,(t), whichever is longer. 

In Figure 3E and G there is constant injection 
through a nonstationary system. In both cases 
the distribution function alternates between two 
functions. In E, the longest transit time of both 
functions is the same. The output reaches unity 
exactly at that longest transit time and remains 
there. In G, the longest transit time of one dis- 
tribution function differs from that of the other. 
The output response eventually (at a time equal 
to the greater of the longest transit times of the 
two distribution functions) oscillates symmetri- 
cally about unity, exceeding unity by as much as 
it is alternately less than unity. The frequency 
of output oscillation is exactly that at which the 
two distribution functions alternate. 

In Figure 3H, the system changes from one 
steady state, in which the distribution function is 
h,(t) to a second state in which the distribution 
function is /2(t). The time required for output 
to restabilize at unity after the change is made is 
exactly the longest transit time in the new dis- 
tribution function. 

To return to Equation 11, the sufficiently long 
time required for Cy(t) to equal [/ Fo(¢) is either 
the longest transit time of any distribution func- 
tion which describes the system for a time at 
least equal to its longest time or, if the system is 
always nonstationary but oscillates in some regu- 
lar way about a group of distribution functions, 
it is the longest of all transit times described by 
any distribution function and Cy(t) can be taken 
as a weighted mean of its oscillating value. 

The relation between flow and the distribution 
function may be confusing. It is possible, but 
not likely, that a change in the distribution of 
transit times could occur without a change in 
flow and it has already been stated that a change 
in flow could occur without a change in distribu- 
tion function if volume changed appropriately, 
but this is again unlikely. Therefore, unless it 
can be demonstrated otherwise in a specific case, 
whenever flow changes it is safer to assume that 
the distribution function also changes and Equa- 
tion 10 is more apt to be descriptive of the real 
system than is Equation 7. 

But the basic assumption underlying Equa- 
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tion 10 is probably an oversimplification so that 
even Equation 10 may be inadequate. The as- 
sumption that distribution functions are super- 
posable rests formally on the assumption that 
the system is linear; that is, that the relation 
between input and output can be described by a 
linear equation. This assumption implies that 
once a particle has entered the system it is 
committed to traverse it in a given transit time; 
that is, changes in the distribution function of 
transit times are assumed not to affect particles 
already in the system but only new particles 
just entering the system. 

This assumption is not apt to be valid in 
general. When the distribution function 
changes owing to vasoactivity, for example, the 
transit times of particles already in the system 
are probably changed. In the extreme, with 
closure of some portions of a capillary bed, flow 
ceases and diffusion, which until now has been 
considered negligible, becomes the only means 
by which solute particles can move through the 
system ; that is, movement of solute and solvent, 
previously considered to be coupled and de- 
scribed by a distribution function, 
becomes uncoupled so that one distribution func- 
tion does not describe transit times through the 
system. The system is, therefore, probably 
formally nonlinear and the development of 
Equation 10, which rests on the superposition 
principle, is inappropriate. There is no simple 
formal solution to this problem. A description 
of the relations between input, output and time 
in such a nonlinear system requires detailed 
knowledge of the behavior of every particle 
within the system as a function of position within 
the system and time, and there is no experimental 
method for obtaining the necessary information 
This means that in nonstationary 
and nonlinear systems there is no way to relate 
simultaneous arterial and venous concentrations, 
and no simple correction factor, such as evolved 
from discussion of Equation 4, is applicable. 


common 


at present. 


Zissue metabolism not zero 

1. Jissue uptake. We have been examining 
in increasing complexity A-V concentrations of 
substances for which tissue uptake or output is 
zero. The problem is even more difficult when 
we let tissue uptake assume nonzero values. 
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In the first place, the distribution of transit 
times of a substance, some of which is metabo- 
lized, is different from the distribution of transit 
times of a solute confined to plasma or to total 
extracellular fluid and is even apt to be different_ 
from that of total water. The transit times 
under consideration are only of those particles 
which leave the system and so contribute to the 
venous concentration. If tissue uptake from 
every channel through the system were propor- 
tional to the rate at which the metabolizable 
substance flowed through that channel, then 
and only then, would the distribution of transit 
times of the substance be identical with the dis- 
tribution of transit times of some nonmetabolized 
indicator. Although there may be in certain 
special cases a close relation between vascularity 
and metabolism, in general, we anticipate that 
the fractional uptake from some channels will 
be different from that in others. There might 
be little uptake from blood through channels 
with very short transit times, the extreme being 
the case of arteriovenous shunts, and there might 
be a great deal of uptake from blood coursing 
through intricate capillary nets with long transit 
times. 

For example, if /(¢), the distribution function 
of indicator transit times is (0) = 0, A(1) = 0, 
h(2) = 0.3, h(3) = 0.4, h(4) = 0.3, h(5), and 
so forth = 0, then the distribution function of 
transit times, g(t), of a metabolized substance 
through the same vascular bed might be g(0) 
= 0, g(1) = 0, g(2) = 0.5, g(3) = 0.3, g(4) 
= 0.2, g(5), and so forth = 0. In this example, 
the mean transit time for nonmetabolized par- 


tices, f th(t) dt, is longer than the mean 
0 


transit time for metabolized particles, 


f t g(t) dt, because a large fraction of metabol- 
0 


ized particles coursing through long-transit-time 
channels was eliminated by metabolism within 
the system. 

The purpose of this example is to make it clear 
that no simple known relation exists between 
transit times of indicators and of metabolities. 
It is therefore not vossible to ‘‘correct’’ observed 
venous concentrations by displacement along 
the time axis in accordance with some notion of 
the distribution of transit times of nonmetabo- 
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lized indicators, although the correction can be 
made as a reasonable approximation in those 
cases in which nearly all of the substance tra- 
verses the system; that is, in those cases in which 
only a small fraction of entering material is 
taken up by tissues. For example, in the fore- 
arm of man at rest in the basal state about 98 
per cent of glucose delivered by arterial blood 
appears in forearm venous effluent (12). In 
this example, then, g(t) is probably very nearly 
the same as f(t) so that for certain practical 
purposes it would be acceptable to assume that 
g(t) was indeed h(t). 

The relation between h(t) and g(t) is easily 
defined. Consider those particles whose transit 
times are between ¢ and ¢ + dt time units. Of 
those nonmetabolizable or indicator particles 
entering at zero time, the fraction leaving in the 
time interval ¢ to ¢ + dt is h(t) dt. Of metab- 
olizable particles, the fraction of those that 
entered at zero time which leave in the same time 
interval is r(t) A(t) dt, where r(t) < 1. 
Integration over all time yields the fraction of 
metabolizable particles which entered at zero 
time and which eventually leave the system, 


p= f r(t) h(t) dtand0< p<1. Therefore, 


of those metabolizable particles entering at zero 
time and which are not metabolized, the fraction 
leaving the system per unit time between ¢ and 
t + dt time units later is 


[12] 


When g(t) = h(t), from Equation 12 r(t) = p, 
a constant, or g(t) can equal h(t) only if r(t) is 
constant. When # is almost unity, there can be 
no assurance that any given g(t) = h(t), but 


t t 
f 2(s) ds = Calt s) 
0 0 


for sufficiently large ¢. 

One can, during steady states, observe the 
distribution function of transit times of certain 
metabolizable substances by using tracer quanti- 
ties of labeled material otherwise identical with 
the metabolized substance. This distribution 
function, g(t), can be evaluated only while there 
is stationarity. This requires not only that flow 
and volume remain constant but also that there 
be constant uptake of metabolite per unit time, 
Q, for if rate of uptake changes with time it 


g(t) = r(t) h(t)/p 
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cannot be assumed that the proportional change 
in every channel is identical, which is required if 
g(t) is to be the same. 

The quantity of metabolite entering the sys- 
tem between time ¢ and ¢ + dt is FCa(t) dt. 
Of this quantity, assuming uptake is constant, 
the total amount leaving the system during all 
subsequent time intervals is [F Ca(t) — Q] dt. 
By the arguments used to develop Equation 1 


Cyr (t) = f (t—s) — g(s) ds 
0 


Q 
f Ca(t — s) g(s) ds — F G(t) [13] 
0 
t 
where G(t) = f g(s) ds, and F Cy(t)> Q. 
0 


In a form analogous to that of the classical 
Fick equation, Equation 13 becomes 


F 
Q = f Ca(t — s) g(s)ds —Cy 


In the discussion of Equation 6 we showed that 


t 
if d Ca(t)/dt > 0, f 
0 


t 
and if d C4(t)/dt < 0, Ca(t — s) g(s) ds 


) 

> Ca(t). Therefore, after sufficient time has 
elapsed so that G(t) has passed to unity, if C4 (¢) 
is increasing, the A-V difference overestimates Q, 
and if C4(t) is decreasing the A-V difference un- 
derestimates Q. Indeed it is even possible for 
the A-V difference to be negative, if d C4 (t)/dt is 
sufficiently negative and the mean transit time 
is sufficiently long, despite the fact that there 
may be real tissue uptake of the substance 
measured. 

Except where g(¢) = h(t), it is not possible to 
use an indicator curve, such as that in Figure 2, 
as a guide in estimation of Q during transient 
changes in C4(t). For example, if in Figure 2 
C(t) were displaced upward, as in Figure 4, by 
some constant for all ¢ so that there was a con- 
stant steady state A-V difference, the A-V 
difference during the transient would not be 
that of Equation 12 unless the distribution func- 
tion, h(t), of the indicator happened to be the 
same as that of the metabolite, g(t). If g(t) can 
be determined independently and can be proven 
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Fic. 4. CONSTANT UPTAKE OF A SUBSTANCE WITH 
SAME CHANGES IN ARTERIAL CONCENTRATION AS IN FIGURE 
2. Uptake cannot be calculated accurately at any time 
during changes in arterial or vengus concentration. Flow 
multiplied by integrated A-V difference from time 0 to 11 
is, in this example, total tissue uptake over that time 
interval. 


stationary, then Equation 13 can be used to test 
whether or not Q is in fact constant. 

If tissue uptake is not constant but is some 
function of time, Q(t), then we must consider 
that the system is not stationary. Consider 
first the more general problem of varying flow 
and varying uptake. 

If we assume that the system is linear—that is, 
that the distributions of inputs are superposable— 
as we did in development of Equation 10 when 
we considered effects of altered flow and distri- 
bution function on indicator concentration, we 
can immediately generalize Equation 10 by 
analogy 

t 


mo(t) = p(x) mi(x) g(x — x) dx [14] 


where mo(t) = Fo(t) Cr(t), mi(t) = F,(t) Ca(t) 
and p(t) is that fraction of m;(t) which is not 
metabolized (see Equation 12). For constant 
uptake, Equation 14 becomes 


mo(t) = [mi(x) —Q] g(x,t —x) dx [15] 


and for constant arterial concentration, Equation 
15 becomes 


C4 


Cy (t) = Fol 


t 
f g(x, t — x) dx 


Q t 
~ nat g(x,t—x)dx [16] 


Unlike the case of indicator dilution at con- 
stant arterial concentration and varying flow, in 
which C,4(t) = C4, a constant (see discussion 
following Equation 10), when there is tissue up- 
take a change in flow produces a change in venous 
concentration even if arterial concentration is 
held constant. It is intuitively evident that 
this must also be true in nonlinear systems. 
Figure 5 illustrates the sort of changes one might 
find when flow is changed in stepwise fashion so 
that the system moves from one steady state to 
another. An increase in inflow, C4 and Q re- 
maining constant, produces a transient change in 
outflow and in venous concentration, which lag 
behind input changes. Owing to the lag there 
is a transient increase in A-V difference and Q is 
overestimated. ‘The steady state is reached at a 
time equal to the longest transit time of metabo- 
lizable particles through the system, not the 
longest transit time of plasma. ‘The overesti- 
mate in Q is not compensated in any way by 
a subsequent reduction in A-V difference as long 
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Fic. 5. EeFECT OF CHANGE IN FLOW ON A-V DIFFER- 
ENCE. A. Step increase in flow. B. Step increase in 
input with consequent change in output. C. Change in 
output concentration with change in flow, despite constant 
arterial concentration and constant uptake. D. Al- 
though tissue uptake, Q, is constant, the product of flow 
and A-V difference is not constant when there is a step 
change in flow. 


: 2120 

4 

34C,(t) ¢ 

/ 

2 

= 0.5 

1.0 

; 

1.0 

{ 
| 
Fe 
; 

te 

4 


as the new steady state is maintained. This 
does not mean that there is tissue storage of the 
apparent excess, but that there is always a lag 
between input and output so that Fo(t) Cy(t) is 
not made up of those particles that entered at #, 
but of those that entered over some time period 
before ¢. When flow is decreased to the original 
rate, there is a transient decrease in A-V differ- 
ence and Q is underestimated. Indeed, if the 
decrease in flow is sufficiently great there may 
even be negative A-V differences, as in the illus- 
tration, and it may be concluded erroneously 
that there is tissue output. If, when flow re- 
turns to the original rate, the distribution of 
transit times also returns to the original dis- 
tribution, the overestimate of Q which occurred 
when flow increased is exactly the same as the 
underestimate of Q which occurred when flow 
decreased. The integrated A-V difference multi- 
plied by flow during the entire time interval will 
therefore measure total uptake over that time 
interval. 

Although the assumption of linearity is not 
apt to hold when the system is nonstationary 
owing to altered flow, for reasons discussed 
earlier, the system may very well remain linear 
when nonstationarity is owing to altered metab- 
olism in the presence of constant flow. This 
greatly simplifies the problem, as follows. 

For the case of constant flow Equation 14 
becomes 


Cr(t) = 3 p(x) Ca(x) g(x,t — x) dx [17] 


Equation 17 does not tell us what tissue uptake 
was at time ¢. Although the quantity of ma- 
terial entering between time ¢ and ¢ + dt which 
is metabolized eventually is (1 — p) F C4(t) dt, 
this quantity is not Q dt because there is a dis- 
tribution of transit times from entrance to the 
various sites of metabolism within the system. 
By analogy with equations developed previously 
in this paper for nonstationary linear systems, 
rate of tissue uptake as a function of time 


Ff [1 — p(x) ] Ca(x) m(x, t — x) dx 


t 
F Ca(x) m(x,t — x) dx 


Il 
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where m(x,a) is the distribution function of 
transit times from entrance to sites of uptake. 

The integral in the second term on the right- 
hand side of Equation 18 is obviously related to 
the integral of Equation 17 which describes 
Cy(t), the difference being in the distribution 
functions. The integral in the first term of 
Equation 18 is clearly related to C,(t), but it is 
also clearly not C4(t). Equation 18, in short, is 
a general form of the classical Fick equation for 
constant flow but for variable arterial concentra- 
tion and variable uptake. 

When C,(¢) is constant, C4, Equation 18 
becomes 
m(x,t — x) dx 


QW = FCs 


t 
— FC, p(x) m(x,t — x) dx [19] 
After a sufficiently long time, the first term in 
Equation 19 becomes F C4. If p(t) is also con- 
stant Equation 19 becomes Q(t) = F C4(1 — p) 


t 
ri m(x,t — x) dx, and for ¢ sufficiently large, 


limit Q(t) = FCa(1 — p) = F (Ca — Cy), which 
is the classical Fick equation. 

Equation 18 is unfortunately not very useful 
in that form because it contains the distribution 
function, m(x, a), which is not subject to direct 
experimental investigation. An approximate 
evaluation of m(x, a) comes from the following 
analysis. 

Consider what would have been the distribu- 
tion of transit times, f(t), through the system of 
only those particles which were removed. That 
is, if their transit times had not terminated within 
the system as described by m(t), what would 
have been their transit times? Refer to the 
argument by which Equation 12, relating g(¢) to 
h(t), was developed. Clearly, 
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Some relation must exist between the transit 
time of a particle to the point of uptake and its 
transit time through the entire system. It is 
plausible to assume that points of uptake lie ap- 
proximately midway in time between entrance 


and exit. On this assumption, m(2t) = f(t) 
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and Equation 18 becomes 


Q(t)=F Calx) h ( 


t 
—F C(x) p(x) g (« dx [20] 
= 2 

Equation 20 is much simpler to handle than 
Equation 18. The first term on the right-hand 
side deals only with a stationary system, that is, 
as long as flow is constant (and volume), the 
distribution of transit times of the appropriate 
indicator, described by h(t), is not dependent on 
time. We have already seen how to handle such 
a function when we considered indicator dilution 
through stationary systems. The second inte- 
gral on the right-hand side of Equation 20 is 
closely related to Cy(t), defined in Equation 17. 
Indeed, if the system becomes stationary for a 
sufficiently long time (the longest transit time) 
the second term on the right-hand side of 
Equation 20 equals F Cy(t). 

From the discussion surrounding Figure 2 
and Equations 4-6, after sufficiently long time, 
for the case of linear increase in C4 (t), which is a 
useful case because many changes in arterial 
concentration may be considered linear over some 
practicable time interval, 


Q(t) = [21] 


where ¢ is mean time through h(t) and ¢, is mean 
time through g(t). For the special case of Q(t) 
= 0,i = /, and Equation 21 reduces to the limit- 
ing indicator dilution equation, Cy(t) = C(t 
— 1). 

In short, if C4(¢) increases linearly an approxi- 
mate measure of Q(t) can be obtained by moving 
back in time 3 ¢ units and noting Cy, by moving 
up in time } é, units and noting Cy. The differ- 
ence between these two corrected concentrations 
is nearly equal to Q(t)/F; ¢, can be obtained by 
tracer techniques or, for the case of substances 
such as glucose traversing the forearm of man, 
in which about 98 per cent of entering material 
leaves the system, ¢, may be represented satis- 
factorily by 

From the discussion surrounding Figure 1 and 
Equations 2 and 3 for the case of constant arte- 
rial concentration and relatively linear changes in 
uptake, after sufficiently long time 


Q(t) = FCa — + 3 


[22] 
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For the special case of Q(t) = 0, 3 i, degenerates 
to zero because it appears in Equation 22 only 
as an approximation of é,, which, of course, is 
nonexistent if there is no tissue uptake. Equa- 
tion 22 states that even if input to the system 
(flow and arterial concentration) is constant, 
Q(t) is not equal to F Cy — F Cy(t), but venous 
concentration must be corrected backward in 
time by an amount assumed to represent mean 
time from entrance to points of uptake. 

2. Tissue release. We have so far spoken only 
of uptake and not of output of metabolites. In 
a steady state, the excess of the constant venous 
concentration above constant arterial concentra- 
tion represents the ratio of constant tissue output 
to constant flow. In non-steady states there is 
no such symmetry between the analysis of up- 
take and of output. Consider the case in which 
a substance is introduced into our test system by 
way of arterial inflow and all of it eventually 
leaves the system; that is, there is no uptake. 
The test tissue, however, releases additional 
quantities of the substance. The concentration 
at output is therefore 


Crit) = f Ca(t — s) h(s) ds 
0 


t 
+ g(t — s) n(s) ds [23] 
0 


where g(t) is rate of tissue release at time ¢, and 
n(t) is the distribution function of transit times 
from points of release from tissue cells to the 
exit from the system. 

If a change in @ is also associated with a change 
in n(t), that is, if the distribution of released 
material is not stationary, and we must assume 
that this is apt to be the case, it is quite likely 
that as long as h(t) describes a stationary system, 
the distribution of released material can be de- 
scribed by a linear net. This means simply 
that although the sites of and relative contribu- 
tions to tissue release may vary with time,once 
the metabolite is released it is distributed through 
elements of the system described by h(t), which 
is a stationary system. By analogy with previ- 
ous discussions of linear nonstationary systems, 
Equation 23 is immediately generalized to 


t 
Cy (t) = f Ca(t — s) h(s) ds 
0 


q(x) n(x,t — x) dx [24] 
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The first term on the right-hand side of Equa- 
tion 24 is simply an indicator dilution term and 
obviously Equation 24 reduces to the indicator 
dilution Equation 1 for g(t) = 0. This means 
that all of the discussion of effect of varying 
arterial concentration on indicator dilution 
curves is applicable to Equation 24. The second 
term is not the rate at which tissues release the 
substance at time ¢, but simply the sum of all 
contributions made by tissue release before time 
t which reach the sampling site at exit at time ¢. 

For the case of C,(#) constant, Equation 24 


becomes 
t 


F[Cv(t) Ca] = ; q(x) n(x,t—x)dx [25] 

that is, flow multiplied by simultaneous A-V 

difference is not tissue release at time ¢ but is the 

sum of those fractions of tissue release at time x 

whose transit times are (f — x). 

If g(t) increases linearly, assuming that the 
mean transit time from sites of release to exit is 
half the mean transit time from entrance to exit, 
and if C,4(t) is constant, F [Cy(t) Ca] = g(t 
— } #), that is, use of simultaneous A-V differ- 
ence determines the rate of tissue release which 
occurred approximately } ¢ time units earlier. 

If g(t) is constant but C,4(f) is variable, F Cy (t) 


t 
Ff Ca(t — s) h(s) ds = q, which can _ be 
0 


handled according to the discussion of indicator 
dilution curves and which reduces to the classical 
Fick equation for C,4(¢) constant. 

If flow is not constant, the system probably 
becomes nonlinear and the difficulties are those 
encountered in the previous discussion of non- 
linear systems. 

3. Simultaneous uptake and release, and other 
complications. When tissue uptake and tissue 
release occur simultaneously, combination of 
Equations 17 and 24 yields, for constant flow, 


Cy(t) = f p(x) Ca(x) g(x, t — x) dx 


t 
+ q(x) n(x, t — x) dx 

Clearly, in this case the A-V difference gives 
little information about metabolic events at 
time ¢. Even in the steady state this is a diffi- 
cult problem requiring more experimental data 
than are needed if only uptake or only release 


occurs. The problem falls into a somewhat 
different category than those distributive prob- 
lems considered in the general development of 
equations here. In general, if the system is 
homogeneous (that is, if the concentration of the 
metabolite under study is the same in all venous 
blood draining the system), then in the steady 
state, F (C4 — Cy) is the difference between up- 
take and release, uptake is measured by proper 
use of tracer quantities of labeled metabolite, 
and release is obtained by difference. If the 
system is not homogeneous, as in the forearm of 
man in which concentration of certain metabolites 
may vary widely from vein to vein, then this 
simple use of A-V differences of naturally occur- 
ring and isotopic metabolite is inadequate. The 
solution, if one is possible, requires some knowl- 
edge of the anatomy of the system and in general 
involves simultaneous A-V differences from more 
than one vein, and may also require simultane- 
ous measurement of distribution of blood flow to 
various parts of the system and the use of A-V 
differences of more than one molecular species. 
More detailed exposition of this problem is re- 
served for another communication. 

We have, however, raised the problem of tissue 
heterogeneity. Clearly it is worthless, in a 
system with many venous effluents, all with 
differing concentrations, to let all calculation of 
metabolism depend on measurement of concen- 
tration in blood from only one vein unless it is 
known that nearly all the blood leaving the sys- 
tem is drained by the vein sampled. In many 
experiments it is not possible to guarantee, as a 
result of anatomical good fortune or surgical 
intervention, that all venous blood flows through 
the vein sampled. It is therefore necessary to 
sample from a sufficient number of veins to be 
sure that most of the venous flow has been rep- 
resented by the sampling, and it is necessary to 
know the contribution to total outflow made by 
blood flow through each bed represented by each 
vein sampled. 

For the case of multiple exits from the system 
and heterogeneity of tissue metabolism, the 
flow which must be determined is not that 
through the whole system but only that through 
the fraction of the system drained by the vein 
sampled. Therefore, in defining the steady 
state it is not enough to demonstrate that total. 
flow is constant but it must be shown that flow 
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through that part of the system represented by 
Cy (t) is constant. 


SUMMARY AND RECOMMENDATIONS 


Rate of tissue metabolism, uptake or release, 
can be measured by multiplying blood (or 
plasma, whichever is appropriate) flow by 
arteriovenous difference only if flow is constant, 
arterial concentration is constant, and rate of 
tissue metabolism is constant. A further re- 
striction is that if venous concentration is not 
identical in all veins draining the tissue the ve- 
nous concentration used must be weighted by the 
relative contribution to total outflow made by 
the bed drained by the vein sampied. 

If flow varies with time the distribution of 
transit times through the system is apt to be 
unmeasurable and the system cannot be handled 
by equations that depend on the superposition 
principle; that is, the system is apt to become a 
nonlinear nonstationary system. During such 
changes in flow there does not appear to be any 
reliable way to interpret the data. It is clear 


only that an increase in flow will probably lead 
to an overestimate of tissue uptake and a de- 


crease in flow to an underestimate. These con- 
siderations eliminate the possibility of using 
A-V differences to measure metabolism when flow 
varies. As soon as flow has remained constant 
for a time equal to the longest transit time 
through the system, it can be regarded as satis- 
factory for use in estimation of metabolism. 
This time can be determined for each system by 
indicator dilution techniques. Phasic changes 
in flow about a stable mean can be regarded as 
constant provided the period is brief compared 
with mean transit time through the system. 
With these restrictions in mind we assume in 
what follows that flow is constant. If either 
uptake or output is a function of time, the dis- 
tribution of transit times through the system is 
not stationary but the system is probably satis- 
factorily represented as linear; that is, the trans- 
formations with respect to time of various inputs 
through the system are superposable. Because 
tissue metabolism is an event occurring within 
the system, the transit times from entrance to 
sites of metabolism or from sites of metabolism 
to exit are the ones we wish to measure but ap- 
parently can’t at present. We can, however, 


KENNETH L, ZIERLER 


plausibly relate the desired transit times to 
measurable transit times through the system. 
To find the metabolic rate at time ¢, clearly we 
need to use arterial concentration at some time 
before ¢ and venous concentration at some time 
after ¢. For linear changes in uptake or output 
we are able to make these temporal corrections 
in arterial and venous concentration by using the 
approximate mean transit time which can be 
estimated by indicator dilution methods. For 
a nonmetabolized substance, mean transit time 
is its volume of distribution, V, divided by the 
flow F (plasma or blood water, in whichever it 
is dissolved) through the system. For most 
metabolites the appropriate volume of distribu- 
tion is probably the total extracellular volume of 
the system. In the case of glucose, for example, 
mean transit time through the forearm of man 
in the basal state is about 10 minutes, which is a 
considerable correction on some time scales. 
The magnitude of the time correction also deter- 
mines the frequency with which blood samples 
should be taken. It is probably prudent to 
sample at intervals no greater than the mean 
transit time unless arterial and venous concen- 
trations are relatively stable or otherwise well 
defined. 

If arterial concentration is also a function of 
time, the data are manageable if the function is 
well defined. This means that it must be meas- 
ured ofien enough to define it. If the change in 
arterial concentration is linear with time, the 
correction is made by moving back in time to 
that arterial concentration, found or properly 
interpolated, that occurred one mean transit 
time unit earlier. Treatment of combinations 
of variations follows the same principle and is 
given in the body of this paper. The uncer- 
tainties are such that the investigator is urged 
wherever possible to design his experiments so 
that arterial concentration is held constant or 
so that he changes arterial concentration step- 
wise from one steady state to another. The 
time required to reach the steady state is not the 
mean transit time but the longest transit time 
through the system. For the case of glucose 
through the forearm of man in the basal state, 
the longest transit time is about 30 minutes. 

In the introduction an operational definition 
of constant was promised. If the temporal cor- 


: 
¢ 
ae 
4% 
jim, 
: 
fag 
mae 
* 


A-V DIFFERENCES IN STEADY AND NON-STEADY STATES 225 


rections proposed here do not lead to a corrected 
A-V difference that differs from the simultaneous 
A-V difference at time ¢ by more than the experi- 
mental error of measurement of an A-V differ- 
ence, it is probably safe to regard the functions 
as constant. 

The effect of the non-steady state on simul- 
taneous A-V differences means that a solitary 
A-V difference is uninterpretable. The immedi- 
ate history of the system must be known. A 
single pair of A-V differences determined simul- 
taneously on two substances passing through the 
same bed is also not properly useful for compar- 
ing the relative metabolism of the two substances 
unless it is known that the distributions of their 
transit times are identical. 
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(From the Department of Internal Medicine, Yale University School of Medicine, 
New Haven, Conn.) 
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Although Andresen (1) first considered “al- 
lergy” as a factor in the pathogenesis of ulcerative 
colitis in 1925, the recent studies of Levine, 
Kirsner, Klotz and Elchlepp (2-4) have renewed 
interest for the role of hypersensitivty in this dis- 
order. Various clinical features suggest the pres- 
ence of an altered immune state in ulcerative coli- 
tis. Among these are sensitivity to drugs and 
blood transfusion (5), the beneficial effects of 
ACTH and corticosteroids (6) and such extra- 
colonic manifestations as erythema nodosum (7), 
uveitis (8), hepatitis (9, 10), myocarditis (6), 
glomerulitis (5, 11), arthritis (12-14), purpura 
(5), hemolytic anemia with positive Coombs test 
(15), leukopenia (16) and splenomegaly (8). In 
addition, a few reports have called attention to the 
presence of ulcerative colitis in patients with lupus 
erythematosus (17), scleroderma (18), or peri- 
arteritis nodosa (19). 

Previous studies have shown the presence of 
circulating antinuclear globulins in patients with 
systemic lupus erythematosus as well as in cases of 
rheumatoid arthritis, complicated by splenomegaly 
and leukopenia (Felty’s syndrome) (20). In the 
course of testing sera from patients presenting 
this clinical picture, two individuals with ulcera- 
tive colitis were found to have circulating anti- 
nuclear factors. The present study was under- 
taken to determine the nature and frequency of 
antinuclear globulins in ulcerative colitis. A pre- 
liminary report has been published (21). 


MATERIALS AND METHODS 


Human Sera were obtained from 24 patients 
with proven ulcerative colitis and from 13 individuals who 


sera, 


* Supported in part by United States Public Health 
Service Grants OG-14, H-1577, C-2578, CY-5944, A-1785, 
A-4759, and A-3473, and a grant from the Connecticut 
Branch of the American Cancer Society. 

+ Research Fellow in Medicine, Yale University School 
of Medicine. 


had previously undergone colectomy for this disorder. 
Four patients were studied before and after colectomy and 
are included in both groups. Over 300 sera from nor- 
mal subjects and from patients with various disease 
states were tested while the study was in progress. 
Whenever multiple tests were performed, aliquots of the 
same serum sample were used. All sera were stored at 
— 20° C. 

Fluorescent antiglobulin tests. The details of the tech- 
nique used have been reported previously (20). Briefly, 
the test sera were superimposed for 1 hour on: 1) nor- 
mal human peripheral blood smears fixed in 95 per cent 
ethanol (20), and on 2) nucleohistone spots prepared 
from calf thymocytes (22, 23). The slides were thor- 
oughly washed and fluorescein-labeled rabbit antihuman 
y-globulin, absorbed with rat liver powder, was then 
used as a histochemical stain for human y-globulin. The 
first procedure tests the affinity of the sera for human 
leukocyte whole nuclei and the fluorescent label is de- 
tected by ultraviolet microscopy. In the second method, 
the sera are tested against calf nucleoprotein and fluores- 
cence is visible to the naked eye when the slides are ex- 
posed to the beam of a Woods lamp. 

Lupus erythematosus (LE) cell preparations. The 
technique used was a variation of the Zinkham-Conley 
method (24). One ml of heparinized normal blood was 
added to 0.5 ml of test serum. After standing at room 
temperature for 2 hours with occasional shaking, 1.5 ml 
of the mixture was transferred to screw-top tubes con- 
taining glass beads and rotated at 40 rpm for 30 minutes 
at 37° C. The contents were then centrifuged in small- 
bore tubes to isolate the buffy coat which was smeared 
on glass coverslips, stained with Wright-Giesma and ex- 
amined microscopically for the presence of LE cells. 

Rheumatoid factor tests. Commercially available hu- 
man 7-globulin-coated latex particles (Hyland RA test) 
were mixed with a 1:20 dilution of the patient’s serum 
on a glass slide. Visible flocculation constituted a posi- 
tive result. 

Thyroglobulin antibodies. Commercially available thy- 
roglobulin-coated latex particles (Hyland TA test) were 
mixed on glass slides with test sera. The sera were previ- 
ously incubated at 56° C for 30 minutes and tested un- 
diluted and at a 1:20 dilution. Macroscopic clumping 
constituted a positive result. 

Serum protein determinations. Filter paper electro- 
phoresis was performed in veronal buffer at pH 8.6 in a 
model R Spinco apparatus. The strips were stained with 
bromphenol blue and scanned with the Analytrol photo- 
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CIRCULATING ANTINUCLEAR GLOBULINS IN ULCERATIVE COLITIS 


densitometer. Normal values for this laboratory were: 
albumin, 3.39 to 5.59 g; globulin, 1.88 to 4.08 g. 


RESULTS 


The pertinent clinical and laboratory findings 
in 24 patients with ulcerative colitis are listed in 
Table I. Positive fluorescent antiglobulin tests 
against whole nuclei were observed in 18 of these 
patients (Figure 1A). However, uniformly nega- 
tive results were obtained when sera were tested 
for affinity to calf thymus nucleoprotein (Figure 
2), for the presence of the rheumatoid factor or 
for their ability to induce LE cells. Thyroglobu- 
lin antibody tests were negative in all but two indi- 
viduals, both without evidence of thyroid disease. 
Serum protein determinations indicated border- 
line elevation of serum globulins in four subjects 
and frequent hypoalbuminemia, a common finding 
in ulcerative colitis. Positive antinuclear tests 
were not related to age, sex or history of hyper- 
sensitivity disorders, although frequent manifes- 
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tations of the latter were present in several of the 
patients or their relatives. Approximately half 
of the patients were receiving ACTH or cortico- 
steroid therapy at the time of testing, and in one- 
third the disease had been present for over 5 years. 

The results of the fluorescent antinuclear test 
with respect to certain clinical findings are re- 
ported in Table II. The over-all results of the 
test in this series of patients did not seem to be 
greatly influenced by ACTH or corticosteroid 
therapy. Nine of 13 individuals under treatment 
had positive tests as compared with 9 of the 11 
patients not receiving hormones. However, in 
two individuals (Table I, Subjects 8 and 16), the 
fluorescent antinuclear tests became negative dur- 
ing hormone therapy. In 9 of 13 postcolectomy 


patients, including two individuals who had posi- 
tive tests before operation and another who had 
reverted to negative on hormone therapy, no anti- 
nuclear globulins were detected (Table I). In 
the group of patients whose disease manifestations 


A) POSITIVE FLUORESCENT ANTIGLOBULIN TEST AGAINST HUMAN LEUKOCYTE WHOLE NUCLEI PREVIOUSLY 


EXPOSED TO SERUM OF A PATIENT WITH ULCERATIVE COLITIS. B) SIMILAR REACTION WITH SERUM FROM A PATIENT 


WITH LUPUS ERYTHEMATOSUS. Note brighter fluorescence. 
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Fic. 2. FLUORESCENT ANTIGLOBULIN TEST AGAINST CALF 
THYMUS NUCLEOPROTEIN SPOTS PREVIOUSLY EXPOSED TO 
TEST SERA. Negative reaction (left) with ulcerative co- 
litis serum ; positive reaction (right) with lupus erythema- 
tosus serum. 


had been present for less than 5 years, ten had 
positive and six had negative antinuclear tests as 
compared with the eight individuals with a history 
of over 5 years’ duration, all of whom were found 
to have circulating antinuclear globulins. All 
four patients with splenomegaly and seven of the 
nine who suffered joint manifestations had posi- 
tive antinuclear tests. 

Table III lists the results obtained to date with 
sera tested for antinuclear factors from a group of 
normal controls and from patients with a variety 
of disease states. Certain specific disorders, in- 
cluded in this list for comparison, have formed the 
basis for or have been included in part in earlier 
reports and are designated by appropriate refer- 
ences (20, 25-27). In every case, the sera stud- 
ied for affinity to calf thymus nucleoprotein were 
also tested against fixed whole nuclei of normal 
peripheral blood leukocytes, but in some cases only 


TABLE II 


Correlation*of antinuclear test with clinical 
findings in ulcerative colitis 


Fluorescent anti- 
globulin test 
(whole nuclei) 

No. No. 

positive negative 


Clinical finding 


Arthritis and arthralgia 7 2 


Splenomegaly 0 


Duration of disease 
Under 5 yrs 6 
Over 5 yrs 0 
Postcolectomy 
ACTH-steroid therapy 


es 
No 


the latter test was performed. Circulating anti- 
nuclear factors have been detected by these meth- 
ods in lupus erythematosus, rheumatoid arthritis 
and related disorders, as well as in chronic liver 
disease and in some drug reactions. 


DISCUSSION 


In addition to the clinical observations previ- 
ously mentioned, some support for a possible re- 
lationship of ulcerative colitis to the hypersensi- 
tivity states stems from a few recent experimental 
studies. Broberger and Perlmann (28) demon- 
strated that sera from patients with ulcerative co- 
litis contained precipitating and hemagglutinating 
factors capable of reacting with tissue extracts 
from colon as well as from liver or kidney. Fur- 
thermore, the same authors observed absorption of 
y-globulins from these sera onto colonic cells in 
tissue culture by fluorescent techniques, but did 
not describe nuclear or cytoplasmic localization, 
specificity, or prevalence of this reaction. Polcak 
and Vokurka (29) studied a circulating factor 
which agglutinated collodion particles coated with 
extracts of normal colonic mucosa and submucosa. 
Bregman and Kirsner (30) report detecting circu- 
lating antibodies apparently specific for colon mu- 
cosa by double agar diffusion and hemagglutina- 
tion techniques. 

The results of the present investigation demon- 
strate that a circulating antinuclear y-globulin is 
present in many patients with ulcerative colitis. 
It is important to emphasize that the fluorescent 
antiglobulin technique, as used in this study, serves 
only as a histochemical method for detecting glob- 
ulins and does not distinguish antibodies from ab- 
normal proteins which may have affinity for nu- 
clear material. The inability to determine a spe- 
cific antigen, as well as the absence of additional 
information regarding the nature of these antinu- 
clear globulins and their behavior in other im- 
munological systems, precludes, for now, the con- 
clusion that they are true antibodies or that im- 
munological mechanisms are involved in their 
reactions with nuclear material. Furthermore, 
the relation of this factor to those detected by 
other workers remains to be established. In our 
system this factor was detected on homologous 
leukocyte nuclei in a reaction quantitatively similar 
to that observed with sera of some patients with 
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CIRCULATING ANTINUCLEAR GLOBULINS IN ULCERATIVE COLITIS 


TABLE 


Ill 


Results of tests for antinuclear factors in sera of individuals without ulcerative colitis 


Nucleoprotein 


No. tested 


Diagnosis 
Systemic lupus erythematosus (20) 
Rheumatoid arthritis (25) 

Other collagen diseases 

Hepatitis and cirrhosis (26) 
Leukemias and lymphomas (27) 
Drug reactions 

Carcinoma of colon 

Other diseases of colon* 

Other diseases (20) 

Normal laboratory personnel 


Totals 


Fluorescent antibody test 


Whole nuclei 


No. positive No. tested No, positive 


17 


1 


| 


* Tests negative in: amebic colitis, 2; mucous colitis, 2; diverticulitis, 2; schistosomiasis, 1; multiple polyps, 1. 
+ Positive antinuclear test in man with familial polyposis whose son has ulcerative colitis. 


rheumatoid arthritis (25), chronic hepatitis (26), 
drug reaction, scleroderma, polyarteritis, and in 
the sera of patients with lupus erythematosus in 
relative remission. Higher titers of this factor are 
usually encountered in patients with rheumatoid 
arthritis accompanied by complications such as 
splenomegaly and leukopenia, and in individuals 
with active lupus erythematosus (20,25). In over 
250 sera from healthy subjects as well as from 
patients with other diseases characterized by leu- 
kopenia, hyperglobulinemia, splenomegaly or 
colon pathology, antinuclear globulins were not 
demonstrable. 

While many of our patients exhibited some of the 
features often attributed to hypersensitivity disor- 
ders, none fulfilled the clinical picture of systemic 
lupus erythematosus. The LE cell prepara- 
tions, in agreement with the findings of Lager- 
crantz, Winberg and Zetterstrom (5), were uni- 
formly negative. The antinucleoprotein test, which 
has shown closer correlation with the LE phe- 
nomenon than the reaction against whole nuclei 
(25), was also negative in every case. In accord 
with other reports (12, 13), the rheumatoid fac- 
tor was absent in all of our patients with ulcera- 
tive colitis even when arthritis was present. Thy- 
roglobulin antibodies were present in two of our 
patients, but this finding has been reported in 18 
per cent of a normal hospital population (31). 

Although the number of cases is too small to 
warrant definite conclusions, attention should be 
called to the fact that patients with splenomegaly, 


arthritis or arthralgia, or disease of over 5 years’ 
duration usually had positive antinuclear tests 
(Table II). While, in general, postcolectomy 
cases gave negative results, this serum factor was 
present in nine patients on ACTH-corticosteroid 
therapy as well as in nine patients not receiving 
hormones. At the present time we do not know 
what may be spontaneous fluctuations of these 
factors during the natural course of the disease, 
the influence of hormones, or the role played by 
the presence of a diseased colon. 

The possible implications of the presence of 
circulating antinuclear globulins in ulcerative 
colitis should be tempered by the realization 
that little is known about their significance or 
about the nature of the diseases in which they 
are present. No one has yet demonstrated that 
these abnormal globulins play a specific role in 
the pathogenesis of any of the disorders in this 
group (32). A recent report (33) that clinically 
healthy relatives of patients with lupus erythema- 
tosus have circulating antinuclear globulins sug- 
gests the possibility that this is a genetically con- 
trolled protein abnormality which: merely denotes 
or accompanies an unusual type of immunological 
reactivity. In some individuals with this con- 
stitution, exposure to unknown stimuli might re- 
sult in different clinical syndromes with some 
common features. 

Whether this circulating antinuclear globulin in 
the individual with ulcerative colitis represents an 
increased susceptiblity for, a primary factor in, or 
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an incidental result of the disease process remains 
to be determined. 


SUMMARY 


Sera from 24 patients with ulcerative colitis 
were studied for the presence of antinuclear globu- 
lins by the fluorescent antiglobulin technique. In 
18 patients (75 per cent) a positive reaction was 
detected on whole nuclei of human leukocytes, but 
no affinity for calf thymus nucleoprotein was ob- 
served. Tests for rheumatoid factor and lupus 
erythematosus cell induction were negative. 

Antinuclear factors were usually present in pa- 
tients with splenomegaly, arthritis or arthralgia 
and long-standing disease (over 5 years). They 
were absent in 9 of 13 patients who had previously 
undergone colectomy for their disorder, including 
2 who had positive tests before surgery. While 
positive antinuclear tests were present in 9 pa- 
tients on ACTH-corticosteroid therapy, in 2 the 
test became negative during treatment. 

Over 300 sera from normal subjects and pa- 
tients with various diseases were tested. Positive 
antinuclear tests were encountered in systemic 
lupus erythematosus, rheumatoid arthritis and re- 
lated collagen disorders, as well as in chronic hepa- 
titis, cirrhosis and in some drug reactions. 

The presence of a circulating antinuclear globu- 
lin in ulcerative colitis is of interest, since many 
patients with this disease exhibit features often 
attributed to hypersensitivity disorders. 
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DETERMINATION 


OF HUMAN PLATELET SURVIVAL UTILIZING 


C*-LABELED SEROTONIN * 
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Nashville, Tenn.) 
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All of the methods available for estimation of 
platelet survival have certain disadvantages. Iso- 
lation and considerable manipulation of platelets 
in vitro are necessary with the Cr** technique (1, 
2). The P* (3), diisopropylfluorophosphate** 
(DFP*) (4), or S** (5) methods are all in vivo 
labeling procedures. Studies with P*? or S* re- 
quire special subjects for study (patients with 
polycythemia vera or leukemia). Finally, both 
autologous and homologous platelet survival can- 
not be studied with facility. 

The use of serotonin [5-hydroxytryptamine (5- 
HTA)] as a platelet label appeared to have cer- 
tain advantages. It is preferentially concentrated 
by blood platelets ia vivo and in vitro (6). Iso- 
lation of platelets is not required to achieve an 
in vitro label, and im vivo labeling of platelets can 
be accomplished without labeling their precursors. 
We have used radioactive labeled (C™) serotonin 
to study platelet survival. 


MATERIALS AND METHODS 


C*-labeled 5-hydroxytryptamine.1 C-labeled 5-HTA 
creatinine 
sulfate monohydrate complex (specific activity 6.87 mc 
per mmole) was made up in sterile, pyrogen-free, iso- 
tonic saline solution in concentration of 2.5 uc per ml. 
Each milliliter of solution contained approximately 64 
ug of 5-HTA. After filtration through a cellulose bac- 
teriological 2 filter and bacterial culture, the solution was 
stored in a refrigerator at 4° C ina multi-dose vial. Paper 
chromatography of the material as originally received 
confirmed that greater than 95 per cent of C’ activity was 
associated with 5-HTA. Deterioration of the substance 
was noted on prolonged storage. After 3 months only 


* Supported in part by Army Research and Devel- 
opment Command, Contract DA-49-007-MD-995, Public 
Health Service Training Grant 2A-5129, and Clinical 
Research Center Grant OG-2 from the United States 
Public Health Service. 
1 Nuclear-Chicago Corporation. 
2 Millipore type HA filter, Millipore Corporation. 


50 per cent of the C™ activity was still associated with 
5-HTA. 

We were initially concerned with the pharmacological 
and radiation hazards of C*-5-HTA. On the basis of 
in vitro studies, it was determined that a usable label 
for in vivo studies could be achieved with 1.0 to 2.0 uc of 
C*-5-HTA. 5-HTA has profound physiological effects 
when given intravenously in amounts of 2 mg or more 
(7). In these studies, however, the amount given is 
much smaller (25 to 50 wg) and in greatest part is bound 
to platelets and unavailable for immediate pharmacological 
action. Local venospasm has not been observed in any of 
the experimental subjects. The radiation hazard is neg- 
ligible. The maximal permissible body burden of C™ is 
400 wc (8). In these studies no more than 2 uc was used. 
Since it is probable that the end-products of 5-HTA ca- 
tabolism are excreted practically in toto, it seems un- 
likely that C™ injected as 5-HTA would enter other 
metabolic pathways to any appreciable extent (9). 

Preparation of C-5-HTA-labeled platelets. Blood, 250 
ml, was drawn directly (via a 16 gauge needle) into a 
plastic bag. Initially, 30 ml of 6.1 M sodium citrate was 
prepared and used as the anticoagulant, because Born 
and Gillson had indicated (10) that uptake of 5-HTA by 
platelets was maximal under these circumstances. Sub- 
sequently, commercially prepared plastic bags (Cutter) 
containing acid citrate dextrose as the anticoagulant 
have been*used with results similar to those obtained with 
0.1 M sodium citrate. After withdrawal of the blood, 
1 to 2 wc of C*-5-HTA solution was injected into the bag 
and the mixture was incubated at 37° C for 30 to 45 min- 
utes in a water bath with occasional gentle swirling. At 
the end of the incubation period the contents of the bag 
were rapidly infused into the experimental subject, re- 
taining approximately 15 ml in siliconized conical volu- 
metric centrifuge tubes for sampling of platelets and 
plasma for radioactivity. 

Determination of amount of C™ activity in the infused 
platelets. A hematocrit determination and platelet counts 
using the method of Brecher and Cronkite (11) were 
done on the retained sample. The remainder of the 
sample was then immediately centrifuged and platelet- 
rich plasma obtained. The platelet-rich plasma was 
separated and platelet counts performed. A 2-ml ali- 
quot of platelet-rich plasma was transferred to a sample 
container (20-ml liquid scintillation counting bottle). 
The remaining volume of platelet-rich plasma was meas- 
ured and centrifuged to obtain a platelet plug. The plate- 
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let-poor plasma was decanted from the plug and 2 ml 
transferred to a sample container. The silicon-coated 
conical tubes containing the residual plateiet plug were 
inverted and the excess plasma allowed to drain thor- 
oughly. One ml of distilled H,O was added to the plate- 
let plug and the plug dispersed using an ultrasonic vibra- 
tor. This last step yielded a homogeneous suspension 
which was decanted into a third sample bottle. One ml 
of distilled HO was used as a washout of the tube and 
added to the sample container to bring the total volume 
of the disintegrated platelet suspension to 2 ml. Approxi- 
mately 0.6 to 1.0 x 10° platelets were suspended in 2 ml 
of platelet-rich plasma and 1.0 to 1.5 x 10° platelets made 
up the platelet plug obtained from normal subjects. The 
platelet-poor plasma rarely had more than 0.003 x 10° 
platelets in the 2-ml aliquot (corresponding to fewer than 
1,500 platelets per mm* of plasma). 

The sample bottles into which the 2-ml volumes of 
platelet-rich plasma and the dispersed platelet plug were 
decanted had been previously prepared by the addition 
of 18 ml of a liquid scintillation mixture of dioxane, ani- 
sole and dimethyloxyethane (6:1:1 by volume) con- 
taining 7 g of PPO (2,5-diphenyloxazole) and 50 mg of 
POPOP [2,2-p-phenylenebis (5-phenyloxazole) ]. In or- 
der to maintain the intact platelets in suspension, this 
mixture had been moc fied by addition of Thixcin‘* in 
concentrations of 2.5 g per 100 ml to form a gel. Count- 
ing efficiency in a liquid scintillation counter > with this 
system was approximately 30 per cent for aqueous color- 
less solutions. Efficiency was lower (approximately 20 
per cent) for the samples containing colored solution 
(i.e., plasma). Samples were counted long enough to 
achieve a counting error of 3 per cent or less (usually 
10 to 30 minutes). The use of liquid scintillation count- 
ing methods for in vivo studies was dictated by the rela- 
tively low C”™ activity in platelets after dilution in the 
blood volume of the study subjects had occurred. The 
major advantage was in the number of platelets which 
could be conveniently placed in a liquid counting system 
as opposed to solid sample beta counting systems. Re- 
covery of radioactivity could be enhanced by extraction 
of C-labeled serotonin from platelets or by use of a 
more efficient liquid counting system. The method used, 
however, allows rapid preparation of samples and is ade- 
quate in terms of efficiency. 

C*-5-HTA in red cells was not counted directly. Jn 
vitro experiments confirmed previous findings that red 
blood cells concentrate and retain 5-HTA poorly (6). 
It is unlikely that the small number of red cells in the 
samples contributes any of the radioactivity observed. 
Further confirmation of this point came from the use 
of reference standards for the total amount of radioac- 
tivity infused. Virtually all of the injected activity could 
be accounted for by totaling platelet and plasma activity. 

Sampling of the recipient. Fifteen ml of whole blood 
was drawn with silicon-coated equipment and processed 


3 Narda “Sonblaster.” 
4 Baker Castor Oil Company. 
5 Packard Tri-Carb. 


SURVIVAL OF HUMAN PLATELETS LABELED WITH C*-5-HTA 


2135 


in the same manner as the aliquot of infused bag blood. 
The recipient was sampled until the radioactivity per 10° 
platelets was less than 20 per cent of the amount pres- 
ent 24 hours after infusion. In addition, 24-hour urines 
were collected from some subjects and total C™* activity 
in the urine determined. 

Experimental subjects. Eleven normal males who had 
never received blood transfusions were infused with C*- 
labeled platelets. Two experiments in normals were 
cross-transfusion studies. The remaining experiments 
were infusions of the subject’s own labeled platelets An 
additional normal subject received C**-labeled 5-HTA 
infused in saline rather than in whole blood to deter- 
mine the efficiency of in vivo labeling. Finally, four pa- 
tients with thrombocytopenia were studied on five oc- 
casions. Three of these patients received homologous 
platelet infusions. The fourth patient was reinfused with 
his own platelets that were labeled in vitro, as in the nor- 
mal subjects. 


RESULTS 


Yield of infused platelets. In nine experiments 
in normal subjects, it was possible to calculate the 
expected level of radioactivity in the circulating 
platelets following infusion of C'*-5-HTA-labeled 
platelets. Two experiments lacked data essential 
for this calculation. The radioactivity in circulat- 
ing platelets was determined for each sampling pe- 
riod and the per cent yield was calculated accord- 
ing to the formula: 


per cent yield = 
(cpm, platelets observed) (platelets/ml) (blood vol, ml) % 100 


(cpm, platelets infused) (platelets/ml) (ml infused) 


Per cent yield for 2, 6 and 24 hours, summarized 
in Table I, included seven autologous and two 
homologous platelet infusions. The lowest yield, 
39 per cent (Subject SH), differs from the re- 


TABLE I 


Per cent of calculated expected yield observed at 2, 6, and 24 
hours in nine normal subjects 


Time 

Subject 2 hrs 6 hrs 24 hrs 

% % % 
SH 39 49 36 
KY 80 62 
HB 75 80 75 
LF 73 65 
BD 54 58 51 
NF 47 47 
PF 59 
EG* 59 61 
56 57 


Mean 59 67 57 


* Homologous platelet infusions. 
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TABLE Il 


Efficiency of in vivo labeling compared 
with in vitro labeling 


activity 

i activity 
excreted 
at 24 hrs 


Cpm/10° 
platelets 
at 24 hrs 


in 
platelets 
Subject at 24 hrs 


% total % 
61 7 53 


RH 
(In vivo label) 


EG 385 61 
(In vitro label) 
JP 


(In vitro label) 


57 


mainder. This study was done with 75 ml of blood 
drawn into a silicon-coated glass bottle and in- 
cubated with C'*-5-HTA as usual. Unfortunately, 
it was necessary to reinject the blood with multiple 
syringes. The remainder of the experiments all 
utilized greater volumes of blood drawn into 
plastic bags and reinfused directly into the recipi- 
ent. The lowest yield of the last eight experi- 
ments was 47 per cent. The mean yield for all 
nine experiments was 59 per cent at 2 hours and 
57 per cent at 1 day. The results in two sub- 
jects (EG and JP) who received homologous 
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EG and JP received in vitro labeled homolo- 
gous platelets. RH was infused with 5-HTA in saline, 
an in vivo platelet label. 100 per cent = counts per min- 
ute per 10° platelets at Day 1. 


35 


Fic. 1. 
PLATELETS. 


HEYSSEL 


platelets were similar to those of the autologous 
platelet infusions. The rise to peak activity at 
approximately 24 hours, seen in other studies 
(1-3) and interpreted as indicating temporary 
platelet sequestration in vivo, was not observed in 
these experiments. A small rise occurred in many 
between 2 and 6 hours. However, the 2-hour 
value usually was similar to or higher than the 
24-hour value. 

Calculation of per cent yield is subject to er- 
ror since C'*-5-HTA free in plasma is present in 
the infusion, and in vivo labeling of platelets oc- 
curs. The magnitude of this error was assessed 
by infusing a normal subject with C'-5-HTA in 
250 ml of 0.85 per cent sodium chloride solution. 
Experiments done in Subjects RH, EG and JP 
are summarized in Table II. The blood of EG and 
JP was typed, cross-matched and cross-transfused 
after their platelets were labeled in plastic bags, as 
previously described. Less than 10 per cent of the 
infused C'* activity was free in plasma; the re- 
mainder was in platelets. RH received a similar 
amount of C'*-5-HTA in a volume of saline com- 
parable to the whole blood infusions received by 
EG and JP. Less than 10 per cent of the infused 
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77 

DAYS 
Fic. 3. PLATELET SPECIFIC ACTIVITY CALCULATED BY 
USING COUNTS PER MINUTE OBSERVED IN THE PLATELET 
PLUG AND IN PLATELET-RICH PLASMA. ‘The lower specific 
activity seen in platelets suspended in platelet-rich plasma 
is due to the quenching effect of plasma as opposed to the 
aqueous platelet plug sample. 


1 13 15 


activity was present in urine (EG and JP) at the 
end of 1 day when C'*-5-HTA bound to platelets 
was infused. Fifty-three per cent of infused ac- 
tivity was in the 24-hour urine of the subject 
(RH) receiving C**-5-HTA in saline. In vivo 
labeling of the platelets of RH was appreciable. 
This was, however, less than 20 per cent of the 
activity found when a comparable amount of 
5-HTA labeled to platelets was infused. Since 
usually no more than 10 per cent of the injected 
activity is in plasma, free to label circulating plate- 
lets in the recipent, the magnitude of the error in- 
troduced by in vivo labeling is probably small. 
Overestimation of per cent yield by no more than 
3 to 5 per cent results. The disappearance rates 
of the C'*-5-HTA from the circulating platelets 
of the three subjects were similar (Figure 1). 
Platelet survival in normal subjects. Covnts 
per minute per 2 ml of platelet-rich plasma, plate- 
let-poor plasma, and counts per minute in the 
platelet plug are plotted against days for a typical 
experimental subject (Figure 2). Comparatively, 
the amount of activity in platelet-poor plasma was 
small. However, in calculating platelet specific 
activity, the platelet-rich plasma counts are cor- 
rected by subtracting platelet-poor plasma counts, 


because all of the C** activity present in plasma on 
the first day cannot be accounted for by activity 
present in the few platelets which have remained 
in suspension in platelet-poor plasma. C* plate- 
let specific activity calculated by use of values ob- 
tained from the corrected platelet-rich plasma and 
platelet plug is plotted against days in Figure 3. 
Platelet specific activity based on the platelet plug 
is higher. This can readily be accounted for by 
the greater quenching effect of plasma in the 
scintillation solution as opposed to the aqueous 
platelet plug solution. In this case the quenching 
effect of the plasma resulted in reduction of ob- 
served counts to approximately 80 per cent of 
total counts in a colorless aqueous solution, as 
estimated by using internal standards in the scin- 
tillation solution. Correction of observed counts 
per minute per 10° platelets derived from platelet- 
rich plasma results in close agreement of the two 
values for platelet specific activity. 

It is possible to express per cent survival as a 
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function of time in two ways: either as a per cent 
of cctivity per 10° platelets at some arbitrary time 
after infusion, or as a per cent of the calculated ex- 
pected yield, as Aas and Gardner (1) and others 
(2) have done. The latter method has the ad- 
vantage of compensating for changing platelet 
counts in the recipient. Figure 4 illustrates the 
mean, plus or minus 2 standard deviations, of nine 
experiments done in normals with autologous 
transfusions. Specific activity 24 hours after in- 
fusion has been arbitrarily taken as 100 per cent. 
Figure 5 represents seven of these nine experiments 
with per cent activity remaining plotted against 
time as a function of platelet yield. Figure 6 
shows the data of Figures 4 and 5 plotted on semi- 
logarithmic coordinates. An exponential disap- 
pearance of C**-serotonin from the circulating 
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THROMBOCYTOPENIA IN RECOVERY PHASE. Survival 
(O O) based on platelet specific activity appears 
markedly shortened initially, while the curve (x——X) 
based on calculated expected yield is basically normal. 
Platelet counts in peripheral blood at time of sampling 
are indicated. 
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TABLE III 


Per cent of circulating platelet radioactivity, expected and observed platelet rise, and urinary excretion of C™ 
in four homologous platelet transfusions in thrombocytopenia 


Expected 
platelet 
yield/mm? 


Yield at 


Subject 24 hrs 


Per cent 
of expected Cu 
Observed platelet excreted 
platelet rise first 
yield/mm# observed 24 hrs 


% 
EJ 53 
(DLE) 


EC 65,000 
(Acute 
leukemia) 
MD 
(ITP) 


22,000 


7,650 
6 148,000 


% % 


11,000 50 47 


0 49 


0 80 
(?)2,000 92 


* Infused with blood from patient with idiopathic thrombocythemia (platelet count of donor 1.5 X 10®/mm*). 


platelet mass was seen. The half-times for these 
curves were close to 5 days in both cases. They 
are similar to the im vivo and homologous labeled 
curves (Figure 1). One difference is in the time 
necessary for the curves to reach 20 per cent or 
less of initial activity. In the case of the per cent 
yield model, this occurred at approximately 8 days, 
while less than 20 per cent was not reached until 
13 or 14 days after infusion, if all values are re- 
ferred to the amount of activity present 24 hours 
after infusion. 

The advantage of using per cent of calculated 
platelet yield is best illustrated (Figure 7) by a 
patient who developed acute thrombocytopenia, 
possibly drug-related (Librium*®). A_ platelet 
survival study, utilizing the patient’s own plate- 
lets, was initiated 2 days after steroid therapy was 
begun. Peripheral blood platelet count at that 
time was 46,000 per mm*. The curve based on 
per cent yield indicates a basically normal sur- 
vival (T, = 5 days), while that based on per cent 
residual activity per 10° platelets is initially sug- 
gestive of a markedly shortened survival. The 
impression of a relatively normal life span is fur- 
ther strengthened by the slope of the curve based 
on platelet specific activity after 3 days, when 
marked changes in platelet count were no longer 
occurring. This portion of the curve has a half- 
value of 5 days much like that in the normal situ- 
ation. 


6 Roche; 7-chloro-2-methylamino-5-phenyl-3H-1,4-ben- 
zodiazepine 4-oxide hydrochloride. 


Platelet survival in thrombocytopenia. One of 
the studies in patients with thrombocytopenia has 
been referred to in the preceding section and was 
done with autologous platelets. The remaining 
three patients were studied a total of four times 
with homologous infusion of platelets. These in- 
cluded a 34 year old female with disseminated lu- 
pus erythematosus (DLE) and thrombocytopenia, 
a 54 year old male patient with acute leukemia in 
relapse and severe hemorrhagic manifestations who 
had previously received multiple transfusions, and 
two studies done in a 31 year old female patient 
with acute idiopathic thrombocytopenic purpura 
(ITP). Per cent yield at 24 hours, expected plate- 
let rise, observed platelet rise, and per cent plate- 
let rise, as well as C’* urinary excretion data are 
summarized for these three patients (Table IIT). 
The patient with idiopathic thrombocytopenic pur- 
pura had developed purpura 2 weeks prior to study 
with peripheral blood platelet counts of around 
3,000 per mm’. She had received no blood trans- 
fusions at the time of these studies. The massive 
destruction of platelets previously observed (12) 
in idiopathic thrombocytopenic purpura was cor- 
roborated. The patient with leukemia had massive 
purpura at the time of study and had received mul- 
tiple transfusions before the study was done. 
Rapid utilization of platelets due to his hemor- 
rhagic diathesis, or destruction of platelets due to 
antibodies induced by prior transfusion of plate- 
lets, or both, could account for the result seen. 
The patient with lupus erythematosus had a defi- 
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Fic. 8. PLATELET SURVIVAL IN A_ PATIENT WITH 
THROMBOCYTOPENIA (PLATELET COUNT 33,000 PER M™*) 
SECONDARY TO DLE. 


nitely shortened platelet survival with a half-life 


of less than 3 days. Platelet survival in this pa- 
tient is plotted and contrasted with the seven autol- 
ogous infusions done (Figure 8). The result 
may indicate simply more rapid utilization of 
platelets because of a decreased circulating plate- 
let mass. Another possibility is a circulating plate- 
let antibody due either to the basic disease or to 
three transfusions of whole blood received 4 
months previously. The patient did not have a 
positive direct or indirect Coombs’ test at the time 
of this study. 
DISCUSSION 


These studies were initiated because Udenfriend, 
Weissbach and Bogdanski noted the close cor- 
relation between the half-time of 5-HTA in plate- 
lets and platelet survival in rabbits and dogs (13, 
14). The studies cited here in humans and simi- 
lar studies by us in rats (15) extend these observa- 
tions to two other species, 


Still lacking is direct experimental proof that 
5-HTA, once taken up and perhaps bound in plate- 
lets, is not lost in vivo until platelet lysis occurs. 
Born and Gillson (10) have shown that exchange 
of C-labeled for nonlabeled 5-HTA can occur 
between plasma and platelets in vitro. However, 
the conditions of their experiment would rarely, if 
ever, be found in vivo, as they properly pointed 
out. A study is cited by Zucker (16) on platelet 
5-HTA disappearance rate in a patient with the 
carcinoid syndrome. Platelet 5-HTA disappeared 
in approximately 2 hours. The difference be- 
tween that situation and our results is unex- 
plained. It may relate to the basic disease process 
in the carcinoid syndrome. 

The possibility exists that agreement between 
the half-time of disappearance of 5-HTA from 
circulating platelets and estimates of platelet sur- 
vival in vivo is coincidental. We have been un- 
able to devise a direct method for settling this 
point, other than radioautography of platelets. 
In humans, using the present amounts of C**- 
labeled 5-HTA, it would take an estimated 40 
years’ exposure of the radioautographic material 
before a definite platelet label was detectable. We 
are now doing these studies in rats, since they have 
a much smaller platelet mass and a much heavier 
platelet label can be achieved. Another possibility 
is homologous infusion of labeled platelet-rich 
blood into an individual with thrombocytopenia 
due to marrow megakaryocyte aplasia and study 
of concomitant platele’ and disappearance 
rates. 

Loss of platelet label from the circulation, stud- 
ied by this method, is clearly exponential. Re- 
cently, much work has been done by several 
groups using various isotopic techniques to study 
the survival of platelets in the circulation in hu- 
mans and animals. Disappearance of platelets 
from the circulation with the DFP** (an in vivo 
label) method of Leeksma and Cohen (4) is re- 
ported as a linear phenomenon. Odell and An- 
derson (5), using S*° in vivo labeling of platelets 
in rats and humans, also have reported linear dis- 
appearance rates, but pointed out that the derived 
curves could as well be drawn as exponentials. 
Initially, Aas and Gardner (1) stated that the 
disappearance of platelets labeled in vitro with 
Cr* was a linear phenomenon. In a more recent 
publication, however, Cohen, Gardner and Barnett 
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(17), using the Cr*! technique, have described the 
disappearance rate of platelets from the circulation 
as the sum of two expot.ntials multiplied by two 
constants rather than as a linear phenomenon, 
Adelson and co-workers (18) labeled platelets of 
polycythemic individuals in vivo with P* and in- 
fused them into normal recipients. Exponential 
disappearance curves of platelet radioactivity were 
obtained. They have interpreted their results to 
indicate “utilization of platelets” in a constant 
process of in vivo clotting. They further pre- 
sented evidence to show that platelet survival 
curves by their method can be altered from a 
clearly exponential function to a linear disappear- 
ance rate by anticoagulation with coumarin deriva- 
tives. Because of uncertainties with regard to re- 
utilization of C'4-5-HTA label, exchange of tracer 
between labeled and nonlabeled platelets or be- 
tween labeled platelets and other body pools of 
serotonin, the question of whether platelets are 
utilized (random destruction) or age and die in 
the circulation cannot be settled from these studies. 
The half-life of survival of platelets in the cir- 
culation has ranged, by these various methods, 
from 2 to 3 days (17, 18) to 5 days (2, 4, 5). 
Total life span has been estimated at from 8 to 14 
days, the highest value being an upper limit re- 
ported by Pollycove, Dal Santo and Lawrence 
(19) using DFP**. The results with C1*-5-HTA 
are in reasonable agreement with these estimates. 
The yield of infused platelets of approximately 
57 per cent observed at 24 hours is in accord with 
the concept of a relatively small reserve of non- 
circulating platelets (20). It has been estimated 
that the noncirculating platelet mass is only one or 
perhaps two times greater than the circulating 
platelet mass. Alternatively, the possibility exists 
that some of the infused platelets fail to circulate 
because of damage induced by manipulation. 
Platelet sequestration described by others is not 
a constant or a striking phenomenon in these 
studies. In normal subjects, the 24-hour period 
after injection appears to be more one of equili- 
bration and redistribution than an active se- 
questration of platelets. Marked sequestration was 
noted in two abnormal subjects, one with drug- 
induced thrombocytopenia and one with lupus 
erythematosus. These differences again are un- 
explained. 
The method described has several advantages 
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over others. The most important is ease and sim- 
plicity of the labeling procedure and the minimal 
manipulation of platelets required. Either in vitro 
or in vivo labeling of platelets can be accomplished. 
Autologous or homologous studies may be done. 
The greatest disadvantage is the need for liquid 
scintillation counting techniques when studying 
as large an animal as man and the relatively ex- 
pensive instrumentation required. 


SUMMARY 


1. The disappearance rate of C'*-5-HTA (5- 
hydroxytryptamine) from circulating platelets in 
normal subjects infused with both autologous and 
homologous C'*-5-HTA-labeled platelets has been 
studied. The half-time of C**-5-HTA in circu- 
lating platelets was 5 to 6 days, with less than 20 
per cent of the activity present at 8 to 13 days. 
These values correlate well with reported platelet 
survival in humans studied by other techniques. 

2. If exchange of labeled for nonlabeled 5-HTA 
in platelets and re-utilization of label are minimal, 
the disappearance curves indicate an exponential 
loss of platelets from the circulation compatible 
with the concept of random disappearance of plate- 
lets from the circulation. 

3. Calculation of the number of infused labeled 
platelets that circulate indicates that 50 to 55 per 
cent was in the peripheral blood at the end of the 
first day. This value is in reasonable agreement 
with other estimates of a relatively small total 
platelet pool. 
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Although proteins isotopically labeled with io- 
dine have been used in tracer studies for some 
years, interest has been mainly focused on their 
distribution and degradation in the body. While it 
is often possible to produce iodoproteins whose 
physical and chemical properties are not grossly 
altered, the possible effects of iodination on the 
functional properties of such substances in a 
physiologic setting have been less thoroughly in- 
vestigated. That it is possible to trace label pro- 
teins without significantly reducing their biologi- 
cal activities has been demonstrated in the case of 
insulin (2) and certain anterior pituitary hor- 
mones (3, 4). 

Transferrin (siderophilin, iron-binding globu- 
lin), a B-globulin found in the plasma of man 
(5, 6) and other animal species (7, 8), is thought 
to function primarily as a transport vehicle for 
iron (9). It is remarkably similar in its metal- 
binding properties to conalbumin, an egg white 
pseudoglobulin, and, indeed, it has been suggested 
that the binding sites in the two proteins are simi- 
lar (10). At neutral or mildly alkaline pH and 
in the presence of bicarbonate, both proteins firmly 
bind two ferric ions per molecule, forming colored 
complexes which have approximately the same ab- 
sorption maximum (11-14). 

It has been shown that the iron-binding capacity 
of uncomplexed conalbumin is markedly dimin- 
ished by a variety of chemical procedures which 
include iodination. This suggests that the specific 
interaction between metal and protein depends on 
the structural integrity of the latter (15). How- 
ever, Azari and Feeney (16, 17) have recently 


* A preliminary report of this study has appeared in 
abstract form (1). This work was supported by Train- 
ing Grant no, 2A-5155 from the National Institute of 
Arthritis and Metabolic Diseases of the United States 
Public Health Service to the Boston University School of 
Medicine. 


demonstrated that not only is the iron complex of 
conalbumin more resistant to proteolysis and ther- 
mal denaturation than the metal-free protein, but 
that it is possible to maintain the iron-binding ca- 
pacity of the former after extensive iodination. 

Since both iron and transferrin levels are af- 
fected in a variety of disease states, a technique 
in which both can be followed simultaneously im 
vivo should prove valuable. Elmlinger and co- 
workers (18) have reported in abstract form on 
the use of doubly labeled “iron-binding globulin” 
in human subjects, but few details were given as 
to the methods of preparation and the distribution 
of the two labels. 

The following study was undertaken to deter- 
mine if the protein moiety of the iron-transferrin 
complex could be labeled with iodine without af- 
fecting its binding properties. When this was 
found to be possible in vitro, the behavior of the 
doubly labeled crystalline transferrin was then in- 
vestigated in eight normal subjects. 


METHODS 


Three times recrystallized human transferrin was ob- 
tained in its iron-free form1 (19, 20). This material was 
at least 97 per cent pure, by moving boundary electro- 
phoretic criteria. A similar preparation has been shown 
to have 0.5 per cent albumin and 0.2 per cent y-globulin, 
as determined immunologically (21). Starch gel elec- 
trophoresis of this material at pH 8.5, using the method 
of Smithies (22), yielded a single band corresponding 
to the transferrin C phenotype (23). 

All glassware was acid-washed. Iron was added as 
Fe(NH,).(SO,)2°6 (with or without Fe”) to 
solutions of the protein at pH 7.5 (0.1 M Tris,? 0.02 M 
HCO,). After stirring for 1 hour at room temperature, 
the mixture was allowed to stand overnight at 4 to 5° C 
to allow sufficient time for oxidation of the ferrous ion 


1 Kindly provided by the Michigan State Department 
of Health through the courtesy of the American Red 
Cross. 

2 Sigma 121; tris (hydroxymethyl) aminomethane. 
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and full color development. A 20 to 40 per cent excess 
of iron was used when complete saturation was desired. 
Optical titrations (6) were carried out in the same buffer 
by adding varying amounts of iron to equal aliquots of 
protein. The resultant solutions were checked at inter- 
vals to determine if maximal color development had been 
attained; generally the final readings were not taken for 
18 hours. 

Iodination was carried out as follows: 8 to 10 per cent 
solutions oi transferrin (iron-saturated or iron-free) 
were first thoroughly dialyzed against 0.1 M Tris buffer 
to bring the pH to 8.5 and to remove excess iron. Iodine 
was added dropwise with constant stirring to samples of 
the protein kept in an ice bath. The iodinating solutions 
contained I, and KI in a molar ratio of 1:2 or 1:4 plus 
carrier-free KI’. Because of the presence of bisulfite in 
commercial KI™, the molarity of the iodine was checked 
immediately before use by titration against arsenate. 
After addition of the required amount of the iodine, the 
mixtures were allowed to stand in the ice bath for 4 to 6 
hours and then passed slowly through a Dowex-1 column 
(CI cycle, buffered at pH 8.5 with 0.01 M Tris). This 
removed 98 to 99 per cent of the excess [. When ex- 
tinction coefficients were to be determined, the solu- 
tions were then dialyzed thoroughly against several 
changes of 0.02 M Tris, 0.1 M NaCl, pH 7.5 buffer. 
Dry weights (determined in duplicate) were determined 
by lyophilization of duplicate aliquots in a vacuum oven 
at 65° C until constant weight was achieved. The weight 
of the salt in the final dialysate was subtracted to give 
the net weight of protein. No Donnan correction was 
made. The optical density was read against a dialysate 
blank. 

For purposes of stoichiometry the reaction was pre- 
sumed to proceed as follows: I, + R—@RI+2 TI. 

It should be noted that when iodine (2 equivalents per 
mole) and iodide are present in the iodinating mixture in 
a molar ratio of 1:2, a maximum of 25 per cent of the 
added radioactivity will be bound if the above reaction 
goes to completion, assuming that the labeled iodide is in 
ready equilibrium with the stable triiodide ion. Thus, 
the iodine content of the transferrin may be calculated 
from the radioactivity of the protein per unit weight, 
with reference to the specific activity of the iodinating 
solution expressed in terms of counts per equivalent of 
total iodine plus iodide. It was in fact demonstrated that 
the specific activity of the labeled transferrin was within 
6 per cent of that of the iodinating mixture by means of 
direct chemical determinations of each in two experi- 
ments.2 In these calculations the molecular weight of 
transferrin was taken as 86,000. The yield, as given in 
the results, compares the actual iodine content per mole 
of protein with that of the theoretical maximum under 
a given set of conditions. 

When prepared for injection, transferrin was initially 
saturated with stable iron and, after iodination as above 
with a total of 2 to 3 me I™, the iron was removed by 


3 These determinations were performed by the Graham 
Laboratories, Brookline, Mass. 
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lowering the pH to 5.5 to 5.6 with an acetate-EDTA * 
buffer (19). Decolorization of the complex was com- 
plete in 1 hour; the solutions were then dialyzed to bring 
the pH back to 7.5 and to remove the EDTA. Fe™ was 
then added to the desired level of saturation. After fur- 
ther dialysis against 0.02 M NaHCO,, 0.1 M NaCl (pH 
7.4 to 7.6), the solution was passed through a Millipore 
filter 5 (pore size 0.3 «) into sterile containers. The final 
concentration of protein was 2.5 to 4.0 g per 100 ml. 
It contained 12 to 25 wc of I™, and 1 to 2 we of Fe” per 
ml. Less than 0.1 per cent of the iodine radioactivity was 
unbound as determined by trichloroacetic acid precipita- 
tion. 

Processing took 3 days and the material was adminis- 
tered within 5 days of the initial addition of I. It was 
calculated (24) that no more than 3,000 rad was ab- 
sorbed by the transferrin prior to injection. 

Analytic ultracentrifugal patterns were obtained in a 
model E Spinco ultracentrifuge.6 The human transfer- 
rin immune serum used was derived from rabbits? and 
was found to produce a single band of precipitation 
against serum and crystalline transferrin in Ouchterlony 
(25) plates. Quantitative precipitin curves in the zone 
of antibody excess were constructed by the method of 
Gitlin (26). 

Chromatograms were done on Whatman no. 1 paper 
using the salt-saturated solvent (A) described by Mc- 
Menamy, Lund and Oncley (27). Digests were pre- 
pared in 4 M Ba(OH), in sealed tubes at 105° C. The 
papers were stained with either Pauly’s reagent or isatin, 
as described by the same authors. Monoiodotyrosine 
(Rf, 0.41) and diiodotyrosine (Rf, 0.19) reacted with 
both these stains, although less well than tyrosine itself. 
In addition to visual estimation against standards, the 
iodinated protein chromatograms were scanned in a 
strip counter or radioautographed. 

The volunteers used in the in vivo studies were all 
healthy white males, 25 to 43 years of age. All received 
10 drops of Lugol’s solution daily. The doubly labeled 
transferrin was delivered intravenously from calibrated 
syringes from which standards were also prepared. The 
total amount of protein and iron injected did not ex- 
ceed 70 mg and 90 ug, respectively (about 2 to 3 per cent 
of the total plasma content of each). Each subject re- 
ceived 30 to 50 wc of I™ and 3 to 4 we of Fe”. 

Six to 7 ml of blood was drawn at 10- to 30-minute in- 
tervals for the first 3 hours and approximately 6 hours 
after injection and the plasma immediately separated. 
Daily samples were taken thereafter for 18 to 21 days and, 
in addition to plasma, aliquots of whole blood, hemolyzed 
with saponin, were saved for counting. Serum iron and 
total iron-binding capacity (TIBC) were determined on 
samples drawn immediately before injection of transfer- 


4 Ethylenediamine tetraacetic acid (disodium salt). 

5 Millipore Corporation, Bedford, Mass. 

6 Kindly performed through the courtesy of Dr. J. L. 
Oncley and Mr. Charles Gordon, Dept. of Biological 
Chemistry, Harvard Medical School. 

7 Behringwerke, Marburg-Lahn, West Germany. 
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KINETIC STUDIES OF HUMAN TRANSFERRIN 


rin and about 2 weeks later. The method of Peters, 
Giovanniello, Apt and Ross (28-30) was used for both. 

Radioactivity was measured in a sodium iodide scintil- 
lation well counter. Simultaneous Fe” and I™ content 
was determined using an adaptation of the method of 
Hine and associates (31) in which two scalers, set at 
different discrimination levels (200 and 700 Kev), were 
employed. The sample counts are then compared to pure 
Fe” and I™ under identical conditions. By means of the 
comparative counting sensitivities of the scalers, simul- 
taneous equations may be derived which define the rela- 
tive proportions and absolute amounts of the two isotopes 
in the mixed sample. This method yields a higher count- 
ing rate than would be obtained by using a narrow-win- 
dow pulse-height analyzer. Net counting rate on the 
scaler with the lower discriminator setting was at least 
three times background, and sufficient counting time was 
employed to give an over-all counting error of not more 
than 3 to 4 per cent. 

Body counting was performed with the apparatus de- 
scribed by Hine, Jagger and Burrows (32). The re- 
cording system was as described above, except that a 
correction was made for the difference in geometry be- 
tween standards and the body. 

The terms and methods of calculation used for iron 
kinetics are those of Huff and co-workers (33). Ve- 
nous hematocrit was corrected by a factor of 0.92 in cal- 
culating red cell mass. Plasma volume was determined 
on the basis of the dilution of I™ as extrapolated to zero 
time. Transferrin concentration of plasma in milligrams 
per 100 ml was calculated as TIBC (ug per 100 ml) /1.30. 
Immunologic determinations of transferrin concentration 
agreed closely with the above. 


RESULTS 


A. Chemical studies. The addition of iodine to 
both iron-free and iron-saturated transferrin was 
practically quantitative, 89 to 98 per cent of the 
theoretical yields being obtained. This is ap- 
parently due to the large number of tyrosine resi- 
dues present (about 30 per mole on the basis of 
chromatographic estimation) and the absence of 
reduced sulfhydryl groups in the transferrin mole- 
cule (34). 

The original transferrin, fully saturated with 
iron, had a broad visible absorption maximum with 
a peak at 465 mp where the extinction coefficient 
(E!%,,,) was 0.63.8 Optical titration at this 
wave length indicated a binding capacity of 1.30 
Fe per mg transferrin, equivalent to a molecular 
weight of 86,000 for the protein. The same value 
was obtained by means of the specific activity of 


8 When corrected for the absorption of the iron-free 
transferrin at this wave length, as is done by Inman and 
colleagues (20), E!%,,; is 0.60. 
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TABLE I 


Effect of iodination of iron-saturated transferrin on the visible 
extinction and binding capacity * 


Binding 
capacity 
(ug Fe/mg) 
transferrin 


1.30 

1.31 

1.29 

1.33 

1.29 
14. : 1.28 


* All of the above were iodinated as the iron complex. 
Values were obtained after dialysis and treatment with 
cation-exchange resin, pH 7.5. 


Fe** in samples that were first passed through a 
cation-exchange column, which removes traces of 
nonchromogenically bound iron. 

The effect of iodination on the visible extinction 
of transferrin and its iron-binding capacity is 
shown in Table I. Only a slight change was noted 
when up to 14 atoms of iodine per mole of protein 
were incorporated into the iron-complexed_ pro- 
tein. In contrast, a moderate but progressive de- 
crease in E!%,,. was noted when iron-free trans- 
ferrin was iodinated and subsequently saturated 
with iron (Table II). 

The ultraviolet spectrum in 0.1 N NaOH was 
little changed in the region of 279 my, but increas- 
ing absorption was noted in the region of 308 to 
312 mp as the iodine content of the transferrin was 
increased. Although this appeared to indicate the 
presence of diiodotyrosine, which has its absorp- 
tion maximum at 311 mp, chromatographic analy- 
sis of the iodoproteins indicated that all of the 
radioactivity moved as monoiodotyrosine. Evi- 
dently the absorption maximum of monoiodoty- 


TABLE II 


Effect of iodination of iron-free transferrin on the visible 
extinction after subsequent iron saturation* 


Moles I/ 
mole 


transferrin El 


0.0 0.63 
0.59 
0.58 
0.54 
0.51 


* All of the above were iodinated in the iron-free state. 
The extinctions were obtained after addition of excess 
iron, followed by dialysis. Binding capacity was not 
determined as such in this series. 


Moles I/ 
mole 
transferrin 
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rosine, which is 305 my in basic solutions, is in- 
creased somewhat in the peptide chain. 

When lightly iodinated transferrin (0.9 atoms 
iodine per mole) saturated with Fe** was dialyzed 
at room temperature for 48 hours against a large 
volume of human serum, no radioiodide appeared 
in the dialysate. The great stability of the iron 
protein complex was indicated by the fact that 
only 9 per cent of the theoretical amount of iron 
that could be bound by the transferrin in the serum 
crossed the membrane in the 48 hours. 

Iron was removed from this preparation by low- 
ering the pH to 5.6 in the presence of EDTA. 
After EDTA was eliminated by dialysis and the 
pH raised to 7.5, the binding capacity was un- 
changed. E!%,., of the iron-free material was 
11.1 and that of the iron-saturated protein 13.7, 
which were the same as the values of the uniodi- 
nated transferrin. 

Ultracentrifugation of the lightly iodinated 
transferrin in 0.15 M NaCl, 0.01 M Tris, pH 7.5, 
gave patterns which were identical with that of the 


original protein. Sedimentation of a 1 per cent 


Fic. 1. 
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solution of iron-saturated transferrin at 25° C was 
5.1S (Figure 1). Immunologic studies on this 


material revealed no obvious alteration in either 
the precipitation patterns produced in Ouchter- 
lony plates or in the quantitative precipitin curves 
as compared with normal human serum and un- 


treated crystalline transferrin. 

B. In vivo studies. Four separate preparations 
of iodinated transferrin, each doubly labeled, were 
used in these studies: I) 0.4 atoms iodine per mole 
and 1.32 wg Fe per mg transferrin (100 per cent 
saturation), II) 0.8 atoms iodine per mole and 
1.3 wg Fe per mg transferrin (100 per cent satu- 
ration), III) 0.6 atoms iodine per mole and 0.57 
pg Fe per mg transferrin (42 per cent saturation), 
IV ) 0.6 atoms iodine per mole and 0.65 pg Fe per 
mg transferrin (50 per cent saturation). All were 
prepared from the same lot of crystalline trans- 
ferrin. 

Ferrokinetic data in the eight subjects are sum- 
marized in Table III. Since relatively small 
amounts of Fe*® were injected, plasma clearance 
could be accurately followed for only 3 to 6 hours 


ULTRACENTRIFUGAL PATTERNS OF CRYSTALLINE TRANSFERRIN, 0.99 G PER 100 ML 


(LEFT) AND OF IODINATED TRANSFERRIN WITH 0.9 ATOMS IODINE PER MOLE PROTEIN, 0.96 G PER 


100 ML (RIGHT). 


Both preparations saturated with iron and dialyzed against a pH 7.5, 0.15 M 


NaCl, 0.01 M Tris buffer, 59,780 rpm; bar angle + 60°, time 32 minutes, temperature 25° C. 
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TABLE Ill 


Ferrokinetics of doubly labeled transferrin 


Venous 


Plasma 
het. Fe 


Subject Preparation 


% ug/100 mi 
45 94 
47 124 
45 163 
47 86 
46 130 
45 146 
44 123 
48 89 


IV 


* Half-life of plasma iron disappearance. 


after injection. During this interval the iron dis- 
appeared at what seemed to be a single exponential 
rate. With the exception of A.D., whose serum 
iron was at the upper limit of normal, it appeared 
that the clearance was more rapid in those sub- 
jects given transferrin fully saturated with iron. 
Variation in serum iron levels makes direct com- 
parison difficult, since the calculated plasma iron 
turnover values diminished the apparent differ- 
ences, although the three highest values for turn- 
over were found in those subjects given prepara- 
tions I and II. However, all values were within 
the limits previously established in this labora- 
tory (35, 36) ° and in others (37, 38) when whole 
plasma has been used to bind the radioiron. 


Plasma 
Fe RBC Fe 
turnover utilization 


RCB Fe 
turnover 


mg/kg/day 
0.58 


0.56 
0.36 
0.59 
0.48 
0.42 
0.42 
0.30 


mg/kg/day 
0.67 
0.69 
0.48 
0.63 
0.58 
0.52 
0.49 
0.34 


Red cell utilization of iron was maximal on the 
eighth to tenth day after injection, at which time 
75 to 92 per cent of the Fe** was in the circulating 
red cell mass. This is again within the range 
found when plasma-bound iron is injected.® 

Protein kinetics are summarized in Table IV. 
The initial rate of disappearance of transferrin 
from the plasma (over the first 3 to 6 hours) did 
not exceed 5.7 per cent per hour, i.e., the half-life 

® The values obtained in this laboratory in normal sub- 
jects using whole plasma to bind radioiron have been: 
a) plasma iron half-life (T;Fe), 1.0 to 2.4 hours; b) 
plasma iron turnover, 0.25 to 0.70 mg per kg per day; c) 
maximal red blood cell Fe utilization, 75 to 95 per cent of 
dose injected. 


TABLE IV 


Protein kinetics of doubly labeled transferrin 


Plasma 
volume 


Plasma 


Subject transferrin 


me% ml/kg 
255 45 
256 44 
205 44 
222 43 
213 4h 
48 
47 
44 


R.M. 
A.D. 


Extra- 
vascular 
fraction of 
transferrin 
pool 


Transferrin 
degraded 
per day 


Total 
transferrin 
pool 


g/kg 
0.023 
0.030 
0.019 
0.022 
0.024 
0.027 
0.023 
0.022 


0.27 


0.30 
0.20 
0.25 
0.23 
0.29 
0.25 
0.27 


0.57 
0.62 
0.56 
0.62 
0.58 
0.61 
0.59 
0.59 


half-life of initial plasma transferrin disappearance (diffusion). 
plasma half-life of transferrin after equilibrium was achieved (degradation). 


? 2147 
: 
; 
hrs % dose P 
R.M. I 1.32 85 
A.D. 2.48 75 
H.W. I 0.98 92 = 
4 E.M. III 1.63 81 
PLR. 2.00 81 
BC. Ill 2.00 85 
S.M. = 1.93 87 
45.6 21 8.0 
age 71.0 16 7.0 
90.5 18 7.5 
H.W. 53.6 14 7.8 
E.M. 77.5 23 6.7 
60.8 15 7.5 
H.C. 55.0 15 7.7 _ 
S.M. 70.5 12 8.4 + 
t Ty = 
le 
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of this initial disappearance (T,,) was greater 
than 12 hours. This is about the same rate at 
which albumin initially diffuses from the plasma 
(39). No significant difference was noted in the 
four preparations used. Plasma volumes obtained 
by extrapolating iodine counts to zero time were 
likewise similar to those obtained by others when 
radioalbumin was used (40). Indeed, in two 
subjects Evans blue plasma volume determina- 
tions were within 8 per cent of the isotope dilu- 
tion volumes. 

In all subjects, zero time I°** and Fe*® counts, 
expressed as the fraction of the respective isotope 
injected, agreed quite closely (Figure 2A). Graph- 
ical analysis of curves constructed from plasma 
transferrin disappearance over the ensuing 3 days 
(Figure 2B) indicated that the initial rate of dif- 


& I' DISAPPEARANCE 
USING DOUBLY LABELLED TRANSFERRIN 
0.50 


030 


0.20 


A 


= 
= 
z 


0.10; 
0.07 
0.05 


0.03 


0.02 


Minutes After injection GO 


100. 
80 


Boor 
\%=73 Doys 


PLASMA 
7.0 Doys 


COUNT ( of O Time) 


\ t%e 17 Hours 
2e 


Doys After injection 4 8 12 16 20 


Fic. 2. A) DiIsAppEARANCE OF FE” I™ FROM THE 
PLASMA IN SuBjJECT R.M. OVER THE FIRST 5 HOURS AFTER 
INJECTION, PLOTTED ON SEMILOGARITHMIC SCALE. Abscissa 
units are in minutes. B) Di1sAppEARANCE OF I™ FROM THE 
PLASMA AND “Bopy” IN R.M. Abscissa units are in days. 
The dashed line in the lower left-hand corner represents 
the initial component of plasma disappearance as extrapo- 
lated from the linear portion of the plasma curve. 
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fusion did not vary significantly and corresponded 
to the rate observed over the first few hours. Al- 
though this apparently indicates that plasma 
transferrin interchanges with a single extravascu- 
lar compartment (41), the presence of additional 
small or very slowly turned over compartments 
cannot be excluded from the available data. Equi- 
librium of the tracer in the plasma with such a 
compartment or compartments was achieved in 4 
to 5 days. Thereafter the protein disappeared at 
a single exponential rate with a half-life of 6.7 
to 8.4 days (the half-life obtained from Days 5 
to 12 did not differ significantly from the half-life 
obtained by including subsequent points). Extrap- 
olation of this linear portion of the curve to zero 
time indicated that 56 to 62 per cent of the total 
exchangeable transferrin was extravascular. 

Body counting of radioiodine (Figure 2B) in 
two subjects gave disappearance rates which were 
in fair agreement with that obtained from the 
linear phase of the plasma curves (in H.L. plasma 
and body half-lives were 8.0 and 8.7 days and in 
R.M. 7.0 and 7.3, respectively). No evidence of 
localization of radioiodide was found in the region 
of the thyroid. Previous observations using radio- 
iodinated albumin have indicated that body-count- 
ing disappearance curves closely paralleled those 
derived from urinary and fecal excretion data 
(42). It is therefore felt that the plasma data in 
this study gave a good estimate of the actual 
degradation rate. 

The total exchangeable pool of transferrin 
ranged from 0.23 to 0.30 g per kg body weight. 
On this basis 0.022 to 0.030 g was degraded per 
day per kg. Since transferrin levels were reason- 
ably stable (levels did not vary by more than 10 
per cent during the period of study), a steady state 
may be assumed and the same figures would apply 
to the synthetic rate. 


DISCUSSION 


The great avidity of transferrin for iron appears 
to account for its primary function as a regulator 
of the metabolism of the metal in the body. The 
concentration of ionic iron in the presence of trans- 
ferrin is exceedingly small provided the binding 
capacity has not been exceeded. The stability 
constant of the complex has been estimated as 10*° 
(43). Recent evidence has suggested that it may 
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play an important part in the control of absorption 
of iron from the gut (44). Furthermore, the in- 
teraction of the protein at specific cellular sites 
may determine the distribution and chemical form 


of the iron incorporated into such tissues as mar-’ 


row and liver (45, 46). The studies presented 
herein indicate that the protein moiety of the 
transferrin-Fe complex can be labeled with radio- 
iodine without changing its binding properties 
in vitro. Gross physical and immunologic char- 
acteristics were likewise unchanged. It was felt, 
therefore, that such a substance could be validly 
employed as a tracer in vivo when both iron and 
protein kinetics were to be followed. 

Dialysis studies indicated that there is a very 
slow interchange of iron with unsaturated trans- 
ferrin once the metal is bound within a given 
molecule. A similar observation has been made 
recently by Turnbull and Giblett (47) who have 
employed electrophoretically separable variants of 
transferrin. It is, therefore, a reasonable assump- 
tion that the two isotopes remain on the same 
transferrin molecule until the iron is removed, 
there being essentially no interchange of the latter 
with indigenous protein /during the first few hours 
after injection. 

Bothwell, Hurtado, Donohue and Finch (38) 
found that iron disappearance was significantly 
slower in subjects given radioiron bound to frac- 
tion IV-7 of Cohn as compared with simultane- 
ously determined clearances using iron bound to 
plasma. The crystalline transferrin used in the 
present study is derived from fraction IV-4, the 
immediate source of fraction IV-7 (20). How- 
ever, the plasma clearance and red cell utilization in 
the eight subjects studied was within the relatively 
wide range found by these workers and others 
(35-37) when plasma-bound iron is injected. 
It is realized that comparison with previous data 
of this sort is somewhat tenuous in view of the 
variability of these values, not only among dif- 
ferent subjects but for the same individual at dif- 
ferent times. The use of a double-iron isotope 
technique employing and (38, 47), which 
might have allowed the direct assessment of any 
differences in clearance, was precluded by the lack 
of suitable equipment and the desire to minimize 
radiation dosage. While it cannot therefore be 
stated with certainty that there was no alteration 
in the unloading and normal distribution of iron 
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in vivo, the results suggest that these character- 
istics are not grossly affected by the methods em- 
ployed in the isolation and iodination of trans- 
ferrin. 

The observation that transferrin disappears 
from the plasma compartment much more slowly 
than the rate at which iron is cleared is similar to 
the findings of Elmlinger and associates (18), and 
is consistent with the hypothesis of Laurell that 
iron is dissociated from transferrin prior to the 
passage of the protein through the capillaries (9). 
However, the latter author stated that the process 
by which this dissociation occurs involves a simple 
equilibrium between intra- and extravascular ionic 
iron. In view of the strength of binding, as noted 
above, it is difficult to see how such a process can 
account for the rapidity with which iron disap- 
pears from the plasma. 

Jandl, Inman, Simmons and Allen (45) have 
indicated that transferrin in some manner prefer- 
entially directs iron into hemoglobin-synthesizing 
reticulocytes in the presence of mature red cells. 
They suggested that this depends on a specific 
interaction of transferrin with the surface of reticu- 
locytes. Recent studies employing a preparation 
of transferrin identical with those used in this 
report appear to confirm this hypothesis (48). 

If such adsorption occurs on erythropoietic cells 
in general, another possible explanation for the 
discrepant rates of iron and protein disappearance 
may be inferred. Bone marrow sinusoids, which 
are intimately dispersed throughout erythropoietic 
tissue, appear to be lined by multifunctional reticu- 
lar cells, to lack a definite basement membrane, 
and to be frequently discontinuous (49, 50). 
Furthermore, the marrow does not contain sepa- 
rate lymphatic vessels, the sinusoids presumably 
subserving this function. The circulation is there- 
fore “fundamentally open in character” (49). 
Thus, transferrin may be directly absorbed from 
and eluted into the functional confines of the vas- 
cular compartment. Since the turnover rates of 
adsorbed transferrin in reticuloyctes have been 
found to be quite rapid (48), probably only a small 
fraction of the transferrin molecules present in 
this compartment is adsorbed (i.e., sequestered) 
at any given time, at least in normal subjects. 
Therefore, no great effect on plasma volume 
would be noted when determined by dilution of 
the protein tracer. The clearance of iron may 
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thus be a function both of the rate of turnover of 
the adsorbed Fe-traasferrin complex and the rate 
of extraction of the metal therefrom by the de- 
veloping red cells. Some evidence that these two 
rate processes are interrelated has been obtained 
from the in vitro studies cited above (48). In 
any event, the extravascular migration of iron in 
the complexed or ionic state need not be involved. 

More than 50 per cent of the exchangeable pool 
of transferrin was found to be extravascular. 
Part of this extravascular protein can be found 
within the cells of various tissues (51). The 
relatively rapid changes seen in the iron-binding 
capacity of plasma, which occur in infection, may 
be a result of redistribution of the transferrin pool. 
In this regard, Cartwright, Gubler and Wintrobe 

52) have found that the reticuloendothelial block- 
ade produced by thorium dioxide inhibits the fall 
in transferrin level usually noted in infected dogs. 
Similarly, the increase in plasma transferrin found 
in iron-deficient states may represent shifts in the 
opposite direction. The extremely rapid changes 
observed by Mitchell and co-workers (53) when 
iron is given in such a situation can only be ex- 
plained on the basis of redistribution of the trans- 
ferrin. As indicated by these authors, this may 
well be due to an increase in transferrin adsorp- 
tion to cellular sites. 

The turnover of transferrin as obtained in this 
study lay between that observed for albumin (54) 
on the one hand, and the lipoproteins (55) on the 
other. Gitlin, Janeway and Farr (56), who aiso 
used iodine-labeled crystalline transferrin, found 
that the metabolic half-life was 12 days in one 
normal child. 

Not only may the procedures employed in ob- 
taining fractions for labeling affect the degradation 
rates of the protein, but other factors, such as the 
extent of iodination (57) and the degree of ab- 
sorption of radiation (54, 58), affect its behavior 
in the body. Although care was taken to minimize 
the latter factors, it is impossible to state how 
closely the turnover of the transferrin used in this 
study corresponds to that of the native protein. 
However, the fact thet several preparations disap- 
peared at an apparentlv uniform and reproducible 
rate over 3 weeks, during which time more than 
75 per cent of the labeled transferrin had been de- 
graded, suggests that no significant degree of 
catabolic heterogeneity had been produced. 


SUMMARY 


1. lodine may be incorporated in small amounts 
into transferrin in its iron-complexed state with- 
out materially affecting its binding capacity and 
immunologic properties in vitro. 

2. Iron and protein kinetics were followed in 
eight subjects after the administration of human 
crystalline transferrin labeled with both Fe** and 

3. Iron clearance and red cell utilization were 
within the limits found in previous studies which 
have used radioiron bound to plasma. _ Initial 
transferrin disappearance from plasma was at 
least six times slower than the rate at which iron 
was cleared. 

4. The total exchangeable pool of transferrin 
was determined as 0.2 to 0.3 g per kg body weight, 
of which 56 to 62 per cent was extravascular. 

5. The metabolic half-life of four separate prepa- 
rations of iodinated transferrin varied from 6.7 to 
8.4 days. 
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In the paper ‘The Incorporation of Plasma Free Fatty Acids into 
Plasma Triglycerides in Man,” by S. J. Friedberg, R. F. Klein, D. L. 
Trout, M. D. Bogdonoff and E. H. Estes, Jr., 1961, 40, 1852 (October), 
the following errors occurred. 
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In the group of conditions known as “collagen 
diseases” there are often morphological changes 
in discrete areas of the connective tissue. For ex- 
ample, fibrinoid degeneration of the collagen fibers 
and changes in the ground substance may be seen 
in the subcutaneous nodules of rheumatoid arthri- 
tis and in the skin lesions of lupus erythematosus. 
These lesions are not well understood. The more 
generalized alterations in the connective tissue 
are even more difficult to demonstrate and remain 
poorly defined. Using an in vivo electrometric 
method, we have previously determined certain 
physicochemical properties of normal mammalian 
connective tissue which are related to its ampho- 
teric colloidal structure (1-5). Since these prop- 
erties may be altered in pathological states, we 
have adapted this method to study some of the 
fundamental connective tissue changes in collagen 
diseases of humans. 

Based upon histochemical, physicochemical and 
morphological studies, a unified concept of the 
organization of the extracellular part of normal 
connective tissue has been developed (6-11). The 
ground substance has been characterized physico- 
chemically as a two-phase system containing hetero- 
geneous (soluble and insoluble) colloids, electro- 
lytes and water. A water-rich phase containing 
the soluble components is considered to be in 
equilibrium with a colloid-rich phase. The exist- 
ence of these phases at a submicroscopic level has 
been demonstrated with the electron microscope. 
The water-rich phase consists of vacuoles with 
diameters ranging from 600 to 1,200 Angstrom 
units (7-10). These vacuoles are enclosed by a 
much denser colloid-rich phase. Under physio- 
logical conditions the amphoteric colloidal matrix 
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bears a net negative charge; this is distributed be- 
tween the two phases. The colloidal charge gov- 
erns the distribution of mobile cations and anions 
through thermodynamic and electrostatic equilib- 
rium and through the chemical binding of ions to 
the matrix. Electrolyte concentrations and water 
content in connective tissues are thus determined 
by the colloidal structure (1-5). 

Collagen, glycoproteins and mucopolysaccha- 
rides, including chondroitin sulfate and hyalu- 
ronic acid, have been conceived to be constituents 
of a complex coacervate in the matrix of dermal 
connective tissue (12). The isoelectric point of 
the matrix ranges from about pH 2.2 to 2.5 de- 
pending on its composition. The low isoelectric 
point is a result of the acidic character of sub- 
stances such as chondroitin sulfate and other mu- 
copolysaccharides. The density of negative charge 
of the colloidal matrix is related to the number of 
titratable groups which bind hydrogen ions be- 
tween pH 7.4 (physiological) and the isoelectric 
point (pH 2.2 to 2.5). This depends on the com- 
postion of the matrix with respect to all the col- 
loidal components. That these form complex in- 
soluble aggregates may be inferred from the diffi- 
culties usually encountered in attempts to isolate 
the colloidal components in pure form. 

When the enzyme hyaluronidase is injected into 
the dermis, hyaluronic acid and some of the chon- 
droitin sulfate are disaggregated. This leads to 
measurable changes in spreading properties and to 
a lowering of the negative charge density (13-16). 
The effect may be explained by: 1) removal of 
negatively charged components, such as hyaluronic 
acid and chondroitin sulfate A, accompanied by 2) 
redistribution of water and electrolytes within the 
region of spreading. By the action of the en- 
zyme, the normal balance between soluble and in- 
soluble colloidal components is disturbed, and the 
remaining insoluble colloids are characterized by: 
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a low density of negative charge. In animal ex- 
periments, the effect of hyaluronidase applied 
subcutaneously is to lower the negative colloidal 
charge to less than half the initial level (14). The 
initial state, as indicated by the negative charge 
density, may be compared with a hyaluronidase- 
modified state produced during a standard time 
interval. After the colloidal charge density be- 
comes minimal the subsequent recovery curve, 
observed electrometrically, illustrates the func- 
tional state of the connective tissue (14-16). 
The serial electrometric evaluation of colloidal 
charge offers a means of comparing normal and 
pathological tissues and the effects of various 
treatments. 
THEORETICAL 


At an equilibrium boundary between a charged 
colloidal surface and an isotonic saline solution 
there is a difference of potential which depends 
on the density of colloidal charge and on the com- 
position of the applied electrolyte solution (5, 17, 
18). This is the normai Donnan potential, Ep, 
which is related to the Donnan ratio, r, by the 
formula: 

2.303 RT 


Ep = logio [1] 
where 2.303 is the conversion factor between com- 
mon and natural logarithms, R is the gas constant 
in joules per degree, T is the absolute temperature, 
and 96,500 is the value of the Faraday constant in 
coulombs. Ep is usually not determined directly 
in tissues; it is measured indirectly by the po- 
tential at the surface after substitution of 0.015 M 
NaCl at the boundary (5, 17). This yields a dis- 
placed Donnan potential, Ey’, related to the follow- 
ing quantities: the Donnan potential, the Donnan 
ratio, the fractions of current transported by anions 
and cations, and the density of negative colloidal 
charge, x (5, 17,18). Thus 


2.303 RT 

Ep’ — Ep = ~ 06,500 (my 
where n,’ and n,’ denote the fractions of current 
carried respectively by cations and anions in the 
colloidal phase. The difference is related to the 
Donnan ratio, r, by the formula: 


— 1.52 [3] 
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where 1.52 is the ratio of the ionic conductance of 
chloride to that of sodium (5, 17). The density 


of negative coiloidal charge, x, in equivalents (Eq) 
per kilogram water is related to r by the formula 


[4] 


The subscripts 1 


*=0.15 (r—-—1/r) 
(CD): 
(Ch) 
and 2 refer to the solution phase (0.15 M), and 
the colloidal phase, respectively. Graphical meth- 
ods have been described to estimate +, the col- 
loidal charge, from (Ep’ — Ep) at any pH (5). 
At pH 7.4 and 37° C, for values of x less than 
about 0.06 Eq per kg water, there is a simple 
linear relation : 


— 12.3 + 206 x [5] 


where Eq denotes the difference (Ep’ — Ep), and 
is termed the “dilution potential.” On the basis of 
this method, titration curves of numerous col- 
loidal surfaces have been measured. These in- 
clude dermis, cartilage and epidermis in vivo, and 
wool surfaces in vitro (5, 17, 18). 


where r = 


MATERIAL AND METHODS 


The connective tissue function test was performed in 
10 healthy persons and in 14 untreated patients with 
various connective tissue diseases. The age and sex 
distributions of the two groups are given in Table I. 
The following pathological conditions were studied: 
rheumatoid arthritis (3 cases), systemic lupus erythema- 
tosus (3 cases), and scleroderma (8 cases). In addi- 
tion, the alteration in connective tissue was also investi- 
gated in 3 patients with Cushing’s syndrome. A num- 
ber of patients in each group was retested after periods 
of treatment. 

Displaced Donnan potentials in dermal connective tis- 
sue were measured by a modification of the method previ- 
ously described for animal studies (5, 14-16). Details 
of the method are as follows: a 25 gauge platinum needle 
with a glass hub was inserted into the dermis on the 
anterior surface of the right forearm. The reference 


1In human subjects the use of a platinum needle is 
preferable to surgical exposure of the dermis and direct 
application of the solutions. In experiments with rats 
and rabbits the dilution potential in the dermis has been 
found to be about —2 mv after direct exposure of the 
tissue to the dilute solution (5). The same result has 
been found in a series of animals and humans using the 
platinum needle technique. In both series of experi- 
ments the calculated value of x is about 0.050 Eq. Since 
the platinum needle is filled with saline solution, the 
metal is at constant potential. Contact with the solu- 
tion is made by means of saturated KCl, and there is no 
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TABLE I 


Baseline dilution 
potential (£a®) 


Condition Male Female Age range 


yrs mv 
Normal 
subjects 22-76 —-1.9+ 


Rheumatoid 
arthritis 40-47 —9.1 


(—8.0 to —10.1) 


Lupus 
erythematosus 14-45 —4.9 
—(4.4 to — 


Scleroderma 28-63 —9.6+ 
Cushing’s 


syndrome 20-35 —5.7 
(—5.5 to — 


Minimum dilution Half-recovery 
potential (Ez)t time 


0.9021 
0.7 : . +0.0006 156 + 40 


—12.3 0.0000 
(—12.0 to —12.5) 


No recovery 


—11.1 0.0000 
ound (— 9.9 to —11.8) 


No recovery 


0.8 —12.1+ 0.4 0.0000 No recovery 


—11.3 0.0047 65 
6.0) (—10.8 to —11.7) 


* Mean values (+ standard deviations where stated). Dilution potentials (£4) can be converted to negative charge 


density (x) by the formula Ey, = —12.3 + 206 x. 


t The lowest value of Zz obtained after the injection of hyaluronidase into the dermis. 


junction was made by immersing several fingers of the 
left hand in a beaker containing 0.15 M NaCl (Figure 
1). The lumen of the platinum needle was filled with 
0.1 to 0.2 ml of sterile buffered (pH 7.4) 0.15 M NaCl 
(solution I), making contact with the dermal connective 
tissue. The solution was prepared by mixing 10 ml of 
0.075 M Na,HPO, with 1 ml 0.15 M NaH,.PO,, and di- 
luting to 110 ml with 0.15 M NaCl. The solutions at 
the experimental junction and in the reference beaker 
were each connected to saturated KCl-calomel half-ceils 
by means of saturated KCI salt bridges. The ends of 
the connecting tubes were sealed with small tapered glass 
tubes filled with saturated KCI in solidified agar. A 
similar method of studying epidermis has been described 
(17). Potentials were measured with a Leeds-Northrup 
type K-2 potentiometer and a galvanometer sensitive to 
0.1 mv. The circuit is represented as follows: 


Hg | Hg.Cl, | KCI (sat.) | solution I or II | dermis | 
finger | solution I | KCI (sat.) | Hg.Cl, | Hg 


An initial potential (£,) between the experimental 
(forearm dermis) and reference (finger) sites was deter- 
mined with solution I (buffered isotonic NaCl) at the 
experimental junction. The solution was then aspirated 
and replaced by 0.1 to 0.2 ml of a 1/10 dilution (0.015 M 


metallic contact with the platinum. For these reasons 
the flow of current is entirely through the solutions. 
The system may therefore be treated by the same theoreti- 
cal and mathematical methods that have been applied to 
wool, epidermis, and to surgically exposed tissue sur- 
faces (5, 17, 18). In most subjects, the magnitude of the 
potential E, was about 40 to 50 mv, with the experimental 
(forearm) junction positive with respect to the reference 
(finger) junction. The sign of the potential always re- 
fers to the experimental site. 


NaCl, solution II). The displaced potential (E£.) was 
measured. The initial potential was then re-established 
with solution I at the experimental site. Each value was 
based on the mean of two consecutive readings taken 
over a period of 2 to 3 minutes. The mean value of 
(E,—E,) measured before the action of hyaluronidase is 
denoted as the initiai dilution potential, E.’. The po- 
tentials E, and FE, were generally quite constant and re- 
producible. The values of FE, preceding the measurement 
of E, generally agreed to within 0.5 mv. Two values of 
E, following the measurement of E, agreed equally well 
(Table II). Standard deviations of four readings were 


Calomel 
half-cell 


was Sat. KCI Agar Bridge 
Fic. 1. DIAGRAM OF THE APPARATUS USED FOR THE: 
ELECTROMETRIC DETERMINATION OF DISPLACED DOoNNAN. 
POTENTIALS IN THE DERMIS. 
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about 0.3 to 0.5 mv compared with Ea values of about 
—2 mv (normal), and —8 mv (normal plus hyalvroni- 
dase). 

Immediately after determination of Ea’, 15 tu L.dity 
reducing units of testicular hyaluronidase (Wyeth), 
freshly dissolved in 0.2 ml of buffered saline, pH 7.4, were 
injected into the test site with a 29 gauge needle inserted 
into the lumen of the platinum needle. Dilution po- 
tentials were measured at intervals of 15 and 30 minutes, 
and at 1, 2, 3 and 4 hours after injection, unless half- 
recovery occurred more rapidly. Control experiments 
were made over similar time intervals using a 0.15 M 
NaCl solution which contained no enzyme. In healthy 
subjects, these showed no appreciable change of potential 
over periods of 1 to 2 hours. From the dilution poten- 
tial, Ea, the negative colloidal charge density, x, of the 
dermal connective tissue may be calculated according 
to Equation 5. The values of + may thus be followed 
in relation to time after the action of the enzyme. 


RESULTS 


Normal subjects. In a typical experiment on 
healthy young adults, the initial value of the dilu- 


tion potential was about — 2 mv. This represents 
a colloidal charge of about 0.05 Eq per kg tissue 
water, corresponding closely to that found for 
normal dermal connective tissue of rats and rab- 
bits (5). After the action of testicular hyaluroni- 
dase the dilution potential fell to about — 8 mv on 
the average, corresponding to a negative colloidal 
charge of about 0.02 Eq, about 40 per cent of the 
normal level. This level was observed after 15 to 
30 minutes’ exposure to the enzyme. Readings 
of E, and E, before and after hyaluronidase are 
given for a healthy subject and a patient (Table 
Il). After the period of exposure, serial readings 
were made, and were found to increase during 
half-hour or 1-hour intervals. Half-recovery for 
healthy subjects was found to occur between 2 and 
3 hours after the minimal potential of — 8 mv had 
been observed. For a subject showing an initial 
value of colloidal charge of 0.05 Eq and a minimal 
value of 0.02 Eq, half-recovery would correspond 


TABLE II 
Initial and displaced potentials* of a healthy subject compared with those of scleroderma patient 


Condition 


Tnitial Displaced 
potential potential 
Ex Dilution 
potential 
Isotonic, 0.015 M Ea (calculated) 
pH 7.4 NaCl (E: —E1) 


Healthy 


After hyaluronidase (30 min) 


Untreated 
scleroderma 


Mean 
After hyaluronidase (20 min) 


Mean 


mv mv 


39.2 


—12.1 


* Sign of potentials Z, and E, was always positive, i.e., dermal connective tissue positive with respect to finger epi- 
dermis. Dilution potentials were calculated from the average values of E,; and E2. Each reading of E, and E: refers toa 


different isotonic or dilute solution. 


a 

at: 

Subject, 

Sex, Age 

mv 

a, 24 41.4 

39.0 

a 41.6 

41.2 

Mean 41.4 39.1 —2.3 

51.3 

51.3 44.4 

44.0 
52.6 
Mean 51.9 44.2 7.7 
0.T., 

35.3 25.8 

26.1 

35.9 

35.5 

44.2 

44.0 

31.5 

31.9 

43.0 

43.8 

43.8 31.7 | 

| 


84. 
135 minutes 
1/2 recovery 
64 
~, 
 | 
-54 
44 
Normal subject no/ 
4° Male, age 27 
24 
14 
fe) L 1 l l 


Time in hours 


Fic. 2. LoGARITHMIC RECOVERY CURVE FOR A NORMAL 
SUBJECT. 


to a value of 0.035 Eq, or to a dilution potential of 
—5myv. In the control series, potentials were ob- 
served over a period of 3 to 4 hours after the mini- 
mal potentials had been observed. In every case 
half-recovery had occurred within that time. The 
average half-recovery period for 10 normal sub- 
jects was found to be 156 minutes (Table I). 

On the basis of animal experiments it has been 
found that recovery of colloidal charge after the 
action of hyaluronidase follows a logarithmic equa- 
tion (16). It follows that half-recovery times may 
be conveniently estimated from a small number of 
serial measurements of dilution potential (Figure 
2). It is assumed that at any time ¢ after the re- 
moval of the enzyme, the rate of recovery is pro- 
portional to the displacement of x from the initial 
value, x°. This is represented by the formula 
(15, 16): 

dz/dt=a (#°— x) [6] 
where a is a rate constant expressed in reciprocal 
minutes. By integration 

In — x) =—at+C [7] 
where C is the integration constant, and In is the 


natural logarithm. By applying Equation 5, the 
equation for EF, as a function of time is obtained: 


In (E,° — Ey) = —at +B [8] 2 


2 Equation 8 is used empirically to give a convenient 
means of estimating half-recovery times. A more exact 
check of the validity of the equation would require ex- 
perimental data extending over more than one logarithmic 
decade. Since the potentials all fall between — 2 and — 12 
mv, it is not possible to check the formula beyond these 
limits. 
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where the constant B is obtained from the maxi- 
mum displacement (E£,4° — Eq) at zero time (be- 
ginning of recovery). In the computations it is 
convenient to use common rather than natural loga- 
rithms. Then 


logy) (Ea® — Ea) = — kt + log,, (Ea — Ea’) [9] 


where £g is the dilution potential at time t, Eq° is 
the value before use of hyaluronidase, Ey’ is the 
value of the maximally displaced dilution potential 
at zero time, and k is a rate constant expressed in 
reciprocal minutes. The relation between k and a 
is: a = 2.303 k, where 2.303 is the conversion fac- 
tor between common and natural logarithms. 
Equation 9 has been found to give an adequate 
description of the data in a large number of ani- 
mal experiments (15, 16). Half-recovery time 
and the rate constant, k, are related by the formula : 
t; = 0.301/k, where 0.301 is the logarithm of 
2, and t; is the half-recovery time. From the data 
for 10 healthy subjects, values of k and t; were 
calculated. This requires values of E4°, Eq’ and 
of the serial dilution potentials Eq as a function of 
time after maximal enzyme effect. The mean half- 
recovery time (Table 1) agrees well with that esti- 
mated from the normal time-response curve shown 
in Figure 2. 

Connective tissue diseases. In patients with 
connective tissue diseases, the negative charge den- 
sity, x, of the dermal colloids was about 30 to 60 
per cent lower than that found in healthy subjects. 
The mean value was approximately 35 mEq in 
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Fic. 3. MEAN TIME-RESPONSE CURVE FOR HEALTHY SUB- 
JECTS COMPARED WITH CURVES OBSERVED IN A PATIENT 
WITH RHEUMATOID ARTHRITIS BEFORE AND AFTER TREAT- 
MENT. (Curves labeled, respectively, “normal,” “un- 
treated,” and “treated.”) Hyaluronidase was injected af- 
ter the measurement at zero time. 
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Fic. 4. TiMe-RESPONSE CURVES FOR A PATIENT WITH 
LUPUS ERYTHEMATOSUS BEFORE AND A™ ER TREATMENT 
witH 50 MG OF PREDNISONE DAILY FOR 10 WEEKS. 


patients with systemic lupus erythematosus, and 
about 15 mEq in patients with scleroderma and 
rheumatoid arthritis, as compared with the normal 
value of 50 mEq. After hyaluronidase injection, 
the value of x fell to about 5 mEq or less in all 
patients (Figures 3-6; Table I). This effect was 
observed in about 30 minutes. Usually no re- 


covery was observed in any of the patients during 
study periods of up to 3.5 hours. 


Cushing's syndrome. The connective tissue 
function test was also performed in three patients 
with Cushing’s syndrome. The initial colloidal 
charge density was about 30 mEq, as compared 
with the normal level of 50. After hyaluronidase 
the level fell to about 5 mEq (Figure 6; Table 1). 
Recovery was very rapid, however, and the initial 
negative charge was fully restored within 2 to 3 
hours, while the half-recovery time was about 60 


minutes. 


Scleroderma 


horge (x) 


- 
Normal 


Fixed Negotive 


Meq 


Treoted 
- 


~ - 


Untreated 


i 


Time in Hours 


Fic. 5. TIME-RESPONSE CURVES FOR A PATIENT WITH 
SCLERODERMA BEFORE AND AFTER TREATMENT WITH 20 MG 
PREDNISONE DAILY FOR 6 MONTHS. 
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Fic. 6. TIME-RESPONSE CURVE FOR 
CUSHING’S SYNDROME COMPARED WITH 
NORMAL SUBJECTS. 


Effects of treatment. One patient with rheu- 
matoid arthritis was restudied after 2 weeks of 
treatment with sodium salicylate (600 mg four 
times daily). The time-response curve is com- 
pared with that of the untreated group in Figure 
3. Although the initial density of negative charge 
was slightly higher after therapy, the level was 
still considerably below the normal control level. 
Hyaluronidase produced only a slight change in 
this level, presumably due to the inhibitory effect 
of salicylate (19). No recovery was noted during 
the 3.5-hour observation period. The patient 
continued to receive salicylate for another week 
and was then retested 36 hours after discontinua- 
tion of treatment. The results at that time closely 
approximated the original curve observed previous 
to any treatment. 

One patient with systemic lupus erythematosus 
was given prednisone (50 mg daily) for 10 weeks 
before retesting. After this treatment the initial 
negative charge density was not significantly 
changed. The change after hyaluronidase re- 
mained greater than normal, but was less than in 
the untreated patients. The recovery curve paral- 
leled the normal, but remained approximately 5 
mEq lower throughout (Figure 4). 

Three patients with scleroderma were restudied 
after 3 to 12 months of treatment with prednisone 
(20 to 25 mg daily). The initial density of nega- 
tive charge had increased by about 10 mEq. The 
change after hyaluronidase was slightly less than 
in the untreated cases, and some recovery was ob- 
served after the initial effect of the enzyme (Fig- 
ure 5). 
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One patient with Cushing’s syndrome was re- 
examined approximately 8 months after treatment 
by bilateral adrenalectomy. At that time he was 
receiving 37.5 mg of cortisone daily, and 25 mg 
of deoxycorticosterone acetate per month, and was 
in good health. The initial density of negative 
charge of the dermal connective tissue was about 
14 mEq less than before surgery, and no re- 
covery was observed during a 3.5-hour testing 
period after the action of hyaluronidase. 


DISCUSSION 


Attempts have been made from time to time to 
evaluate connective tissue changes in pathological 
states by investigating the spreading of various 
diffusible substances. One of the earliest methods, 
proposed by McClure and Aldrich (20, 21), meas- 
ured the disappearance time of intradermal saline 
blebs. The results may be interpreted as reflecting 
indirectly the state of the tissue colloids, including 
their water-binding properties. 

More recently several procedures using hy- 
aluronidase and dyes have been described (22- 
25). The spreading reaction appears to be very 
complex ; it depends not only on the state of the 
tissue but also on the method of injection, the 
affinity of the tissue for the indicator, and the de- 
gree of irritation produced by the dye (13). More- 
over the effect of recovery on the spreading reac- 
tion is difficult to delineate. For these reasons 
the interpretation of dye diffusion experiments 
may be equivocal. The colloidal state of the 
ground substance can be more directly studied by 
using the electrometric method outlined in this 
report. Kinetics of the response can be quanti- 
tatively followed. In this way the stages of break- 
down and recovery are sharply defined. 

In untreated patients a clear distinction between 
the various connective tissue diseases cannot be 
made on the basis of electrometric measurements. 
When the time-response curves are compared 
with the normal curve, however (Figures 3-5), 
three characteristics of these pathological con- 
ditions may be distinguished: 1) the initial col- 
loidal charge density is lower in the patients with 
rheumatoid arthritis, scleroderma and systemic 
lupus erythematosus; 2) the colloidal charge den- 
sity after hyaluronidase becomes very low (5 mEq 
or less) compared with that found in the healthy 
group under similar conditions (about 20 mEq) ; 
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and 3) there is little or no reversal of the effect 
during the recovery period of 3 to 4 hours.’ 
These findings suggest that in these disease states 
the ground substance of the dermal connective 
tissue differs from the normal both in composition 
and in responses. Changes in the hexosamine- 
hydroxyproline ratios of dermal connective tis- 
sue in certain diseases support this interpretation 
(26). Reversal of the enzymatic breakdown ap- 
pears to depend on both cellular and extracellular 
responses ; synthesis of extracellular colloids would 
depend on cellular metabolism, whereas replace- 
ment by flow or hydrostatic pressure would de- 
pend primarily on the viscous properties of extra- 
cellular phases and components. In connective 
tissue diseases there appears to be a decrease in 
negatively charged colloidal components of the 
kind which are broken down by hyaluronidase 
(i.e., chondroitin sulfate and hyaluronic acid). 
Accompanying this change there is a marked de- 
crease in the rate at which negatively charged 
components are replaced in a region in which they 
have been enzymatically hydrolyzed. The inhib- 
ited rate may result from impaired rheological 
properties as well as from failure of the cells to 
synthesize the necessary components. The half- 
recovery time as determined electrometrically is 
much more rapid than results obtained by isotopic 
studies of hyaluronic acid (4 days) and chondroitin 
sulfuric acid (8 to 10 days) (27). Clinical and 
histological observations on wound repair, how- 
ever, also indicate a more rapid recovery rate. 
In the electrometric studies the recovery is influ- 
enced by the flow of colloids from contiguous areas 
and by cellular synthesis of new materials. Flu- 
idity seems to be enhanced in Cushing’s syndrome 
or by administration of cortisone (14), and to be 
lowered in collagen diseases. 

The results of therapy, particularly when the 
same drug was used, show that there are also char- 
acteristic differences between the various condi- 
tions. The time-response curve in the patient with 
systemic lupus erythematosus receiving prednisone 
approximated the normal curve fairly well, in con- 
trast with the time-response curves of patients with 
scleroderma who were receiving similar treatment. 
This difference in response is in accordance with 


3 The possibility that changes in connective tissue state 
would be demonstrated in other kinds of illness is recog- 
nized but has not been tested. 
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clinical experience. Electrometric changes do not, 
however, always parallel the clinical response to 
therapy. In the case of rheumatoid arthritis, for 
example, salicylates: produced remission of symp- 
toms with relatively small changes observed in the 
state of the tissue colloids, as measured by col- 
loidal charge. It is evident that “clinically suc- 
cessful” treatment is not always synonymous with 
reversal of the pathological tissue changes. 
Whereas under normal circumstances a com- 
pound such as cortisone retards repair, it pro- 
motes a remission of symptoms in many connective 
tissue diseases. The following explanation is sug- 
gested. Cortisone stimulates the connective tissue- 
cells to form ground substance which differs qual- 
itatively from the normal and which is character- 
ized by a low density of negative colloidal charge 
(low cation binding). This has been demon- 


strated in electrometric studies on animals (14) 
and in the patients with Cushing’s syndrome, In 
the normal subject the altered ground substance 
formed in response to cortisone interferes with 


proper healing. In the pathological state, how- 
ever, the same modified ground substance repre- 
sents a partial reversal of the disease process. 
In the healthy subject the modified ground sub- 
stance is characterized by lowered negative charge 
and by increased fluidity; in pathological states 
cortisone may increase both the negative charge 
and the fluidity. Thus, depending on the initial 
state of reference, cortisone may promote either a 
partial degradation or a partial restoration of the 
connective tissue. 

The adaptation of the electrometric method as 
a test of connective tissue function in patients has 
made it possible to characterize the state of the 
colloids, to describe some of the recuperative pow- 
ers of the tissue, and to determine the response to 
drugs. Through in vivo studies of the physico- 
chemical properties of connective tissue, valuable 
insights into its normal and pathological behavior 
may be gained. 

SUMMARY 


The rate at which connective tissue ground sub- 
stance is disaggregated and restored after injec- 
tion of hyaluronidase may be taken as an index of 
its initial state and its capacity for repair. This 
reaction was studied by an electrometric method 
involving the serial measurement of displaced 
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Donnan potentials in the dermis. Normal per- 
sons and patients with rheumatoid arthritis, scler- 
oderma and systemic lupus erythematosus were 
compared. The results indicate that in these con- 
nective tissue diseases a ground substance is 
formed which differs both qualitatively and quan- 
titatively from the normal. The rate of reconsti- 
tution after enzymatic action is markedly delayed. 
The administration of corticosteroids tends to re- 
verse these conditions. The measurements of 
changes in the state of the ground substance after 
the injection of hyaluronidase is a useful test for 
evaluating connective tissue diseases and the ef- 
fects of therapy. 


ACKNOWLEDGMENT 


The prednisone used to treat the patients reported was 
kindly supplied as Meticorten by the Schering Corpora- 
tion, Bloomfield, N. J., through the courtesy of Dr. C. J. 
Szmal. The hyaluronidase (Wydase) was generously 
contributed by Wyeth and Co., through the courtesy of 
W. H. Rennie, Jr. 


REFERENCES 


. Engel, M. B., Joseph, N. R., and Catchpole, H. R. 
Homeostasis of connective tissues. I. Calcium- 
sodium equilibrium. A. M. A. Arch. Path. 1954, 
58, 26. 

. Joseph, N. R., Engel, M. B., and Catchpole, H. R. 
Homeostasis of connective tissues. II. Potassium- 
sodium equilibrium. A. M. A. Arch. Path. 1954, 
58, 40. 

3. Catchpole, H. R., Joseph, N. R., and Engel, M. B. 
Homeostasis of connective tissues. III. Magnesium- 
sodium equilibrium and interactions with stron- 
tium and lead. A. M. A. Arch. Path. 1956, 61, 503. 

. Joseph, N. R., Engel, M. B., and Catchpole, H. R. 
Interaction of ions and connective tissue. Biochim. 
biophys. Acta 1952, 8, 575. 

. Joseph, N. R., Catchpole, H. R., Laskin, D. M., and 
Engel, M. B. Titration curves of colloidal sur- 
faces. II. Connective tissues. Arch. Biochem. 
1959, 84, 224. 

. Gersh, I., and Catchpole, H. R. The organization of 
ground substance and basement membrane and its 
significance in tissue injury, disease and growth 
Amer. J. Anat. 1949, 85, 457. 

. Gersh, I, and Catchpole, H. R. The nature of 
ground substance of connective tissue. Perspec. 
Biol. Med. 1960, 3, 282. 

. Bondareff, W. Submicroscopic morphology of con- 
nective tissue ground substance with particular re- 
gard to fibrillogenesis and aging. 
(Basel) 1957, 1, 222. 


Gerontologia 


| 
| 
Re 
i¢ 
< 
| 
Ai 
< 
| 
| 
he 
| 
| 
' 


TEST OF CONNECTIVE TISSUE REACTIVITY IN COLLAGEN DISEASES 


. Chase, W. H. Extracellular distribution of ferro- 
cyanide in muscle. A. M. A. Arch. Path. 1959, 67, 
525. 

. Dennis, J. B. Effects of various factors on the dis- 
tribution of ferrocyanide in ground 
A. M. A. Arch. Path. 1959, 67, 533. 

. Engel, M. B., Joseph, N. R., Laskin, D. M., and 
Catchpole, H. R. A theory of connective tissue 
behavior: Its implications in periodontal disease. 
Ann. N. Y. Acad. Sci. 1960, 85, 399. 

. Loeven, W. A. The complex binding between pro- 
tein and mucopolysaccharide in connective tissue. 
Acta physiol. pharmaco}. neerl. 1956, 5, 121. 

. Hechter, O. Mechanisms of spreading factor action. 
Ann. N. Y. Acad. Sci. 1950, 52, 1028. 

. Laskin, D. M., Engel, M. B., Joseph, N. R., and 
Corley, R. Effects of hyaluronidase and cortisone 
on connective tissue studied electrometrically. 
Proc. Soc. exp. Biol. (N. Y.) 1957, 94, 749. 

. Joseph, N. R., and Bourliére, F. Electrochemical 
changes in rat connective tissues with age. Ex- 
perientia (Basel) 1956, suppl. 4, 44. 

. Bourliére, F., Joseph, N. R., and Molimard, R. Age- 
ing of skin. 2. Adaptive responses in rat dermis in 
relation to age and growth. Gerontologia (Basel) 
1957, 1, 163. 

. Joseph, N. R., and Engel, M. B. Titration curves 
of colloidal surfaces. I. Human epidermis. Arch. 
Biochem. 1959, 85, 209. 

. Engel, M. B., and Joseph, N. R. Titration curves 
of colloidal surfaces. III. Wool. Arch. Biochem. 
1960, 86, 117 

. Guerra, F. Hyaluronidase inhibition by sodium sa- 
licylate in rheumatic fever. Science 1946, 103, 686. 


substance. 


20. 


21. 


. Mahaux, J., and Stienlet, R. 


2161 


McClure, W. B., and Aldrich, C. A. Time required 
for disappearance of intradermally injected salt 
solution. J. Amer. med. Ass. 1923, 81, 293. 

Aldrich, C. A., and McClure, W. B. The intra- 
dermal salt solution tests; its prognostic value 


in “nephritis” with generalized edema. J. Amer. 
med. Ass. 1924, 82, 1425. 


. Holborow, E. J., and Keech, M. K. Hyaluronidase 


skin spreading effect; an analysis of repeated 
measurements. Brit. med. J. 1951, 2, 1173. 


. Bywaters, E. G. L., Holborow, E. J., and Keech, 


M. K. Reconstitution of the dermal barrier to 
dye spread after hyaluronidase injection. — Brit. 
med. J. 1951, 2, 1178. 

Le test de dispersion 
hyaluronidase. Indicateur coloré au cours du 
traitement de l’arthrite rhumatoide et du lupus 
érythémateux par la corticotrophine et par la cor- 
tisone. Ann. Endocr. (Paris) 1951, 12, 1104. 


. Mahaux, J. Le test de dispersion hyaluronidase hémo- 


globine dans la fiévre rheumatismale aigué et dans 
l’arthrite rhumatoide traitées ou non par la cor- 
ticotrophine hypophysaire. Acta clin. belg. 1952, 


7, 338. 


. Wright, E. T., Sobel, H., and Nelson, N. H. Hex- 


osamine-collagen ratio of skin biopsies in patients 
receiving systemic corticosteroids. 
Biol. (N. Y.) 1960, 103, 117. 


Proc. Soc. exp. 


. Schiller, S., Mathews, M. B., Cifonelli, J. A., and 


Dorfman, A. The metabolism of mucopolysac- 
charides in animals. III. Further studies on skin 
utilizing C14-glucose, C14-acetate, and $35- sodium 
sulfate. J. biol. Chem. 1956, 218, 139. 


SPECIAL NOTICE TO SUBSCRIBERS 


Post Offices will no longer forward the Journal when you move. 


Please notify The Journal of Clinical Investigation, Business 


Office, 333 Cedar Street, New Haven 11, Conn., at once when you 
have a change of address, and do not omit the zone number if 


there is one. 


= 
| 
10 
| 
1 | 
13 
| 14 
15 i 
25 | 
16 
17 
18 27 
19 
\e 
| 
| : 


ACCELERATED SKIN GRAFT REJECTION IN HUMANS PRE- 
IMMUNIZED WITH HOMOLOGOUS PERIPHERAL 
LEUKOCYTES * 


By ELI A. FRIEDMAN,} J. WALDEN RETAN,} DAVID C. MARSHALL, 
LAURENCE HENRY anp JOHN P. MERRILL § 


(From the Departments of Medicine, Surgery, and Pathology, Peter Bent Brigham Hospital 
and Harvard Medical School, Boston, Mass., and the Department of Medicine, 
West Roxbury Veterans Administration Hospital, West Roxbury, Mass.) 


(Submitted for publication May 18, 1961; accepted August 17, 1961) 


Delayed intradermal sensitivity to homologous 
white blood cells has been described in humans 
rejecting full thickness skin homografts (1). The 
reaction at the site of the challenge leukocyte was 
greatest at 18 to 24 hours against the cell sus- 
pensions obtained from the skin donor. It was 
noted, however, that lesser reactions were con- 
sistently elicited to similarly prepared and simul- 
taneously injected leukocytes obtained from donors 
other than the sensitizing skin donor. There was 
no recipient response to injections of autologous 
leukocytes, homologous erythrocytes or homologous 
plasma. Biopsy sections taken at peak reaction 
times were similar to early tuberculin responses. 
It was postulated that the skin erythema and indu- 
ration were a manifestation of an antigen-anti- 
body reaction, in which antibodies developed 
against the skin homograft were capable of also 
reacting with shared antigen(s) within or upon 
the peripheral white blood cell. To explain the 
lack of specificity of the skin response, it was as- 
sumed that there is a distribution of common tratis- 
plantation antigens in the human, as has been 
shown by Berrian and Jacobs in the mouse (2). 
The present experiment supports this supposition 
and suggests that transplantation immunity in the 
human is not as specific a phenomenon as has been 


previously proposed (3). 
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mand, Department of the Army, under Contract no. 
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tFellow of the National Foundation. 
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MATERIALS AND METHODS 


Eighteen ambulant adult volunteers received full thick- 
ness skin homografts on the medial surface of the upper 
arm, after inoculation with homologous leukocytes. All 
of the subjects had negative past histories for malaria, 
jaundice and syphilis. In addition to the physical ex- 
amination, they were subjected to the usual screening 
procedures required for donors to a hospital blood bank. 
The subjects had never received blood transfusions and 
were free of diseases known to alter immunologic reac- 
tivity. ABO and CDE blood groups were determined 
prior to immunization (Table I). Donor leukocytes 
were harvested from freshly drawn peripheral venous 
blood by a dextran sedimentation technique (4). The 
leukocytes employed were harvested prior to administra- 
tion. The time lag before injection was related to prepa- 
ration and varied from slightly under 1 hour to a maxi- 
mum of 3 hours. In each instance the white blood cells 
were resuspended in donor plasma, in a total volume of 
3 ml. The final sediment was counted and measured and 
an aliquot was chosen so that 3 ml (30 injections) con- 
tained the desired dose. Duplicate chamber counts of 
the leukocyte yield enabled adjustment of the volume of 
inoculum so that the predetermined number of white 
blood cells could be administered. The total number of 
leukocytes injected varied from 2 X 10° to 48 x 10° (Table 
II). Subjects 1 and 2 received four subcutaneous doses 
of 12 < 10° leukocytes at 7-day intervals for a total dose 
of 48 x 10° leukocytes. On Day 29 of the experiment, 1 
day after the last injection, these subjects were grafted 
with skin from the leukocyte donor and from an unre- 
lated person. As a control of surgical technique, an 
autograft was placed in close proximity to the two homo- 
grafts. Because subcutaneous immunization failed to in- 
duce accelerated graft rejection, the experimental pro- 
tocol was changed for Subjects 3 through 16. These vol- 
unteers received, as their immunizing dose, 30 intra- 
cutaneous leukocyte injections on the back and _ thighs. 
Each injection contained, in a volume of 0.1 ml, one- 
thirtieth of the total leukocyte dose which varied from 
2x 10’ to 30 X 10° (Table II). Six days after the mul- 
tiple intracutaneous inoculations, donor and nonspecific 
skin grafts were placed as in Subjects 1 and 2 (Figures 
1 and 2). 
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TABLE I 


Race, sex and donor blood types in 18 patients immunized with leukocytes 


Recipient 
Blood 
type 


Patient 


CNAME SOON w 


All grafts were full thickness skin removed under local 
anesthesia from the medial aspect of the upper arm and 
sutured into the host bed with interrupted 5-0 nylon su- 
tures. The wounds were covered with a nonadherent 
plastic dressing which facilitated frequent inspection, 
photography and biopsy. In the first 6 patients studied, 
all of the grafts were 2.5 cm*. From the data obtained 
in this group, and from another concurrently studied se- 


Leukocyte donor 


Nonspecific donor 


Type 


Not done 
Not done 
WwW 


ries (5), it was believed that sufficient information could 
be gained from a smaller graft to warrant a reduction in 
size to 1.0 cm’. The excellent autograft survival in the 
earlier volunteers caused us to discontinue simultaneous 
control autografts in Subjects 7 through 18. Material 
was obtained by biopsy of the graft only and not of the 
graft bed. In all cases two biopsies were taken at Days 
6 or 7 and another on Day 9 or 10. This allowed a mi- 


TABLE II 


Type of rejectaay in 18 patients preimmunized with homologous leukocytes 


No. of 
leukocytes 
administered Route of 
Subject 107 injection 


Subcutaneous 
Subcutaneous 


Intracutaneous 
Intracutaneous 
Intracutaneous 
Intracutaneous 
Intracutaneous 
Intracutaneous 
Intracutaneous 
Intracutaneous 


Intracutaneous 
Intracutaneous 
Intracutaneous 
Intracutanecus 
Intracutaneous 
Intracutaneous 
Intracutaneous 


Aut w 


* In two instances, the nonspecific graft was an unusually prolonged first set rejection. 


Intracutaneous 


Rejection pattern 


Nonspecific* 


Leukocyte donor graft 


rejection was observed to commence by Day 21 after grafting. 


First set 
First set 


White graft 
Accelerated 
Accelerated 
White graft 
Accelerated 
White graft 
White graft 
Accelerated 
Accelerated 
White graft 
Accelerated 
First set 

White graft 
Accelerated 
White graft 
White graft 


First set 
First set 


Accelerated 
First set 
Not done 
Not done 
First set 
Accelerated 
White graft 
First set 
First set 
White graft 
Accelerated 
First set 
White graft 
Accelerated 
Accelerated 
Accelerated 


In Subjects i1 and 14 active 


fer no. Race Race Sex il Race : Sex Type : 
ra 1 N F A+ N M B+ N F A+ 
2 N M B+ N F A+ N A+ 
= WwW F O+ W M B+ W F B+ at 
W M B+ W F O+ W F B+ i 
W M A+ W M O- 1 
W M O+ W M A+ 
W M A+ M B- M O+ 
W M B- W M A+ W M O+ ‘ 
W M O+ W M O+ W M O+ : 
WwW M O+ W M O+ W M O+ 
M A+ W M A- Ww M O+ 
Ww M A- W M A+ W M O+ : 
W M A+ W M A- W M O+ 
W M A- W M A+ W M O+ ; 
WwW M A+ W M O+ W M O+ if 
M O+ Ww M A+ Ww M O+ 
W M B- W M A+ W M O+ ee 
WwW M A+ W M B- W M O+ 
48.0 
10.0 
7.2 
6.5 
9.0 
20.0 
20.0 
20.0 
1 20.0 
1 12.0 a 
1 12.0 a 
1 2.0 
1 2.0 
15 30.0 fi 
16 30.0 
17 12.0 aie 
18 12.0 aie 
ig 
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Fic. 1. APPROXIMATE LOCATION OF THE MULTIPLE IN- 
TRADERMAL LEUKOCYTE INJECTIONS EMPLOYED TO IM- 
MUNIZE Supyects 3 To 18. Subject B was intradermally 
inoculated with leukocytes of Subject A at 30 sites (total 
volume of inoculum is 3 ml, containing 2 to 30 X 10° leu- 
kocytes). 


croscopic assessment of the type of rejection; in two 
cases showing slow rejection, biopsies also were taken 
on Days 17 and 19, respectively. 
Grading of the rejection process 


In order to assess properly the changes in altered skin 


grafts, a series of unmodified first set, accelerated, and 
white graft rejections was carefully studied (5), by daily 


inspection and biopsy. <A brief summary of the criteria 


Fic. 2. LocaTIoN OF DONOR AND NONSPECIFIC SKIN 
GRAFTS. Six days after multiple intradermal leukocyte in- 
jections, Subject B was challenged with full thickness 
skin grafts from Subjects A and C. B, a control auto- 
graft, was also placed. Only the first 6 subjects were 
given autograft controls. The nonspecific homograft 
was omitted in Subjects 5 and 6. 


used to determine the type of rejection encountered may 
be subdivided into two sections. 

Gross findings. Typical of the first set rejection is 
early (2 to 3 days) vascularization, detectable by a pink 
coloration, blanching when pressure is applied, and brisk 
bleeding upon incisional biopsy. Thereafter, the first 
set rejection and the autograft are indistinguishable until 
the sixth to seventh day when the homograft assumes a 
cyanotic color, fails to blanch on pressure, and has ob- 
vious interstitial edema. During the next 5 to 9 days, the 
now avascular homograft gradually changes into a crusty 
black scab (Figures 3 and 4). 

A white graft, by contrast, never establishes graft-bed 
vascular anastomosis, the total lack of blood supply be- 
ing responsible for its peculiar pallor. In time, the white 


Fic. 3. PHOTOGRAPH OF AUTOGRAFT (LEFT), LEUKOCYTE DONOR SKIN (CENTER) AND 
NONSPECIFIC SKIN (RIGHT), ON THE FIFTH POSTGRAFTING DAY IN SusByecT 2. The 
photograph demonstrates no discernible difference between the auto- and homografts. 
In this case, subcutaneous leukocyte injections failed to induce homograft immunity. 
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Fic. 4. Susyect 10. The leukocyte donor graft (left) is edematous and cyanotic 


by the sixth postgrafting day, indicating accelerated rejection. 


The nonspecific graft 


(right), placed simultaneously 6 days after intradermal leukocyte immunization, re- 
sembles the surrounding host skin and is undergoing a first set rejection. 


graft appears to melt away as a result of a sterile pro- 
teinolysis, although its color remains pale gray as new 
epithelium granulates in from the surrounding bed mar- 
gins. Both its striking color and its failure to bleed when 
incised easily identify the white graft (Figure 5). 

The accelerated or second set rejection pattern rapidly 
recapitulates the events of ‘a primary rejection. After 
transient but clear early vascularization, cyanosis and 


% 


Fic. 5. Susyect 8. This subject evinced white graft rejections of leukocyte donor 


edema are discerned by the fourth postgrafting day. By 
the eighth day the florid rejection is completed and a hard 
scab remains (Figures 4 and 6). 

Microscopic correlation. No distinction between auto- 
graft and first set homograft biopsy material is possible 
for the first 6 days. Further sections of autografts pro- 


gressively display a gradual return to the appearance of 
normal skin. 


Increasing numbers of perivascular lympho- 


skin (left), and nonspecific skin (right), after intracutaneous preinjection with ho- 
mologous leukocytes 6 days before grafting. The white graft is interpreted as a 
manifestation of a very intense transplantation immunity. 
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Fic. 6. Susyecr 4. After the intracutaneous inoculation of 7.2 X 10° leukocytes 
6 days prior to grafting, Subject 4 rejected both the leukocyte donor skin (center) and 


nonspecific control graft (right) in an accelerated fashion. 


Cyanosis and interstitial 


edema are present in both homografts while the autograft (left) appears healthy, with 


a well healed biopsy site in the upper left-hand corner. 


By Day 5, easy distinction can 


be made between accelerated and first set rejections (see Figure 3). 


cytes, gradually extending into the dermis and epidermis, 
represent the primary rejection on the seventh to eighth 
day (Figures 7 and 8). Extensive vascular thrombosis 
supervenes on the eleventh or twelfth day. Symbolic of 
a white graft type of rejection is an early polymorpho- 
nuclear cell permeation of the dermis and epidermis of the 
totally avascular graft (Figure 9). The accelerated or 
second set rejection has a blood supply for only 2 to 3 


days. The skin biopsies of grafts undergoing accelerated 
rejection showed no vascular thrombosis. Presumably 
the vessels at the junction of graft host tissues are pri- 
marily involved, but in this study this junctional area 
was not examined, since it would have required local 
anesthetic for each biopsy procedure. There is only slight 
cellular infiltration prior to the death of the graft on the 
seventh or eighth day (Figure 8). Patterns intermediate 


Fic. 7. Susyect 7. The earliest sign of primary or first set rejection is perivas- 
cular lymphocytic infiltration, here observed on the sixth postoperative day in the 
nonspecific graft placed on Subject 7 (H&E, x 55). 
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is 


Fic. 8. Susyect 4. Contrast the first set rejection shown in Figure 7 with the 
features of accelerated rejection noted in this biopsy of the nonspecific graft placed C 
on Subject 4 also taken on the sixth postgrafting day. A dead epidermis, dilated blood i 
vessels and the absence of cellular infiltration connote an accelerated rejection (H&E, Ate 


x 55). 


between accelerated and white graft have been observed is usually due to an underlying hematoma. The 


’ twice. In these grafts, the gross appearance determined graft is raised from the bed and the clot is dis- 
the category ascribed. : : 

covered on biopsy. The graft undergoes eschari- 

rousedienne fication and does not have the appearance of a 


“white graft,” which always remains flat. On mi- 


There were no technical failures in any of the 
croscopic section the polymorphonuclear  infil- 


grafts in this series. Technical failure of a graft 


Fic. 9. Susyect 3 ON SIXTH POSTGRAFTING DAY; SPECIFIC GRAFT. Diagnostic of a 
white graft rejection is the early death of the epidermis coupled with dense diffuse in- 
filtration with polymorphonuclear leukocytes (H&E, x 110). 


: 
Fig 
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trate, typical of a white graft does not occur in the 
graft which has been a technical failure because of 
separation from its bed by a hematoma. The sub- 
jects withstood the stresses of multiple inoculations 
and subsequent skin grafting without untoward 
event. None of the volunteers suffered tempera- 
ture elevation, regional adenopathy or wound in- 
fection. The third and fourth subcutaneous in- 
jections in Subjects 1 and 2 caused the formation 
of hot sterile abscesses which proved painful for 
several days although surgical drainage was not 
necessary. An uncomfortable, local stinging sen- 
sation, lasting about 5 minutes, usually followed 
the intracutaneous inoculations. 

Subcutaneous immunization, Repeated subcu- 

taneous injections of a total of 48 x 107 leukocytes 
prior to grafting with leukocyte donor and non- 
specific skin failed to elicit accelerated rejections 
of any of the homografts placed on Subjects 1 and 
2. The gross signs of a first set rejection were 
apparent in the leukocyte donor skin on Subject 1 
on Day 10, and in the nonspecific skin on Day 8. 
Similarly, Subject 2 evinced a primary rejection 
of leukocyte specific skin on Day 9, and of non- 
specific skin on Day 8. In both instances, the 
autografts survived normally, 
Of the 15 pa- 
tients pretreated with intradermal homologous 
leukocytes, all but 1 had altered immunologic re- 
jections of subsequent full thickness skin homo- 
grafts. Illustrative of the modified responses were 
the white grafts observed in 8 of the 16 leukocyte 
donor skin grafts in this group. Accelerated sec- 
ond set rejections were noted in 7 of the leukocyte 
donor skin grafts (Table II). One patient ex- 
perienced an unmodified first set rejection of the 
skin graft from the donor of the pregrafting leuko- 
cytes. In 14 instances an additional homograft 
was placed from a donor whose leukocytes had 
not been used to presensitize the recipient. This 
nonspecific skin graft was placed at the same time 
as the graft from the donor whose leukocytes had 
been injected 6 days previously. Of these 14, 
white grafts occurred 4 times, accelerated rejec- 
tions 6 times, and primary or first set rejections 
were noted in 4 subjects. Examples of each of 
the rejection patterns encountered are included in 
Figures 3-9. 

There was no obvious correlation between the 
ABO and CDE bleod groups of donor and recipi- 


Intracutaneous tmnmunization. 
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ent and the type of rejection response encountered. 
Thus, O positive patients immunized with O posi- 
tive leukocytes developed white graft rejections as 
did recipients who had major blood group incom- 
patibility with their respective leukocyte and skin 
donors. 

DISCUSSION 


The pioneer studies of Medawar incontrovertibly 
established the immunologic basis of homograft 
rejection (6). It is now known that the ability 
to reject a second homograft in an accelerated 
fashion is a fundamental biological process found 
in all species studied. Early experiments sug- 
gested that the homograft reaction is an individual 
specific response (6). Medawar was able to im- 
munize an animal against skin homografts by the 
prior injection of blood leukocytes (7), and Bil- 
lingham, Brent and Medawar showed that second 
set rejections followed preimmunization of the 
host with liver, spleen or kidney cell suspensions 
(8). These same workers later demonstrated 
that cells totally disintegrated by ultrasonication 
retained their power to elicit skin transplantation 
immunity in mice (9). 

Our preliminary efforts to locate human trans- 
plantation antigens within the circulating leuko- 
cyte were not successful. In several unreported 
experiments, volunteers repeatedly injected intra- 
muscularly with donor whole blood evinced un- 
modified first set skin rejections. Likewise, Sub- 
jects 1 and 2 in this experiment had no gross or 
microscopic evidence of rejection acceleration sub- 
sequent to subcutaneous leukocyte pretreatment. 
The efficacy of intradermal immunization seen in 
our data offers further evidence of the variation 
of species response to the route of antigen adminis- 
tration. Thus, Billingham, Brent and Mitchison 
found all routes of administration of homologous 
cells tested in mice and guinea pigs immunologi- 
cally equivalent in the induction of transplanta- 
tion immunity, while the rabbit showed a mark- 
edly accentuated response to intradermal inocula- 
tion as compared with intravenous, subcutaneous 
or intraperitoneal routes (10). 

A second explanation may in part account for 
failure of leukocyte administration by the sub- 
cutaneous route to sensitize the recipient. 


The intradermally immunized patients exhibited 
At 


considerably diversified rejection patterns. 
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least two factors determine the intensity of homo- 
graft rejection: donor-recipient genetic dissimi- 
larity and the immunizing dosage. Berrian and 
Jacobs were able to predict the timing of third 
strain skin homograft rejection in purebred mice 
following crossed immunization of two other pure 
strains with splenic cell suspensions (2). By re- 
peated interstrain grafting they were able to cal- 
culate the number of transplantation antigens 
shared by donor and recipient and correlate the 
onset and intensity of rejection with the degree of 
genetic disparity of the engrafted pairs. Little is 
known concerning the number or distribution of 
human transplantation antigens (11). Merrill 
and co-workers reported the prolonged survival 
of a full thickness skin homograft placed on the 
upper arm of a fraternal twin who shared 23 blood 
groups with his brother-donor (12). Blood group 
antigens and transplantation antigens are not, 
however, inherited pari passu. Woodruff and Al- 
lan (13) have reported a normal first set rejection 
between two unrelated individuals with 10 iden- 
tical blood group antigens. We have seen a nor- 
mal first set rejection in skin transplanted from 
one nonidentical twin to another when all but 1 
of 27 blood group antigens were identical. It is 
reasonable to assume that the different types of 
rejection encountered in several of our patients 
who received the same number of donor leuko- 
cytes was due to the heterogeneity of transplan- 
tation antigen distribution in man. In this light, 
the significance of the unusual prolongation of two 
nonspecific first set reactions (Table II) is un- 
clear. A recent report by Rapaport, Thomas, Con- 
verse and Lawrence describes the prolongation of 
skin graft survivals in humans “typed” for simi- 
larity of transplantation antigens (14). The simi- 
larity of transplantation antigens in this instance 
was surmised when a skin graft from one member 
of the donor-recipient pair caused accelerated re- 
jection of skin from the second member when an 
indifferent recipient was used for both grafts. The 
fact that skin from one accelerated the rejection of 
skin from another and that subsequently skin ex- 
changed between the two, showed an unusually 
long survival, which was presumed to be due to 
a sharing of similar transplantation antigens. A 
similar observation was made by Kuss and Le- 
Grain (15) in unrelated individuals between 
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whom a kidney transplant with prolonged survival 
was subsequently done. 

There is limited information concerning grada- 
tion of rejection intensity dependent upon in- 
creasing antigen dosage. Zotikov, Budik and 
Puza described shorter rejection times with in- 
creased size of rat homografts (16). They noted 
that as the size of the homograft was increased to 
greater than one-third of the recipient’s total skin 
surface area, “immunoparalysis” with greatly pro- 
longed graft survival was induced. No data per- 
tinent to dose response are available for man. Our 
series is too small to allow statistical analysis al- 
though the data suggest that the degree of im- 
munny evoked by intracutaneous leukocytes in- 
jections is, at least in part, dose related. None of 
the 4 subjects inoculated with less than 9 x 10° 
leukocytes responded with white grafts to either 
leukocyte donor or nonspecific challenge grafts, 
while 8 of 12 patients given at least 9 x 107 leuko- 
cytes developed white graft reactions in the graft 
from the leukocyte donor. Rapaport and associ- 
ates believe the white graft to be “either a quali- 
tatively different or a more intense form of im- 
mune response against foreign tissue perhaps 
mediated by serum antibody” (3). The import- 
ance of circulating antibody in homograft rejection 
is unclear (17, 18), and its contribution to the 
formation of the white graft is as yet unknown. 
If a dose-related antigenic response is present in 
man, as we believe, then this expe: iment lends 
credence to the concept that the white graft is an 
expression of a greater level of immunity than is 
an accelerated rejection. 

To support this hypothesis further, it is noted 
that the intensity of rejection in the nonspecific 
grafts was in each case equal to or less than the 
degree of immunity displayed in the specific leu- 
kocyte donor skin. A white graft in the leuko- 
cyte donor graft was accompanied by either a white 
graft or an accelerated rejection in the nonspecific 
skin. Analogously, a specific accelerated rejection 
complemented either an accelerated or first set 
response in the nonspecific graft. 

Therefore, the weaker reactions to nonspecific 
grafts would be in accord with partial sharing of 
transplantation antigens between leukocyte donor 
and nonspecific skin samples. This would also 
concur with Rapaport and co-workers’ study of 
white graft production in which five of eight non- 
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specific grafts exhibited significantly reduced sur- 
vival time (3). 

The difficulties inherent in investigations of hu- 
man transplantation immunity may be somewhat 


eased by additional attention to the circulating 
leukocyte. Lawrence, Rapaport, Converse and 
Tillett meticulously detected the presence of a 
“factor” capable of transferring homograft im- 
munity in extracts of peripheral white blood cells 
(19). The data presented here indicate the pres- 
ence within the same cell population of antigenic 
constituents competent to induce the known forms 
of skin homograft rejection. 


SUMMARY AND CONCLUSIONS 


The intradermal inoculation of peripheral leu- 
kocytes prior to full thickness skin grafting in- 
duced white graft and accelerated rejection of first 
set homografts in the human. Simultaneously 
placed skin grafts obtained from patients other 
than the leukocyte donor were also rejected in an 
accelerated fashion, indicating that transplanta- 
tion immunity in the human is not individual spe- 
cific. It is postulated that the type of skin graft 
rejection encountered in this experiment was de- 
termined by both the dose of immunizing leuko- 
cytes administered and the genetic similarity be- 
tween donor of immunizing leukocytes and donor 
of the nonspecific skin graft. 
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The accumulation of fat in the liver under many 
diverse experimental conditions has frequently 
been used as an index of fat mobilization from adi- 
pose tissue (1-6). In recent years, it has become 
clear that the free fatty acids (FFA) of the plasma 
represent a major transport form for mobilization 
of lipid from adipose tissue (7, 8) and methods are 
now generally available for measurement of this 
important plasma lipid component (7, 9, 10). 
Therefore, it is now possible to examine more di- 
rectly this inferred relationship between mobili- 
zation of fat and the development of fatty liver. 
The present experiments were designed to deter- 
mine whether increasing the rate of mobilization 
of fatty acids from the periphery in normal ani- 
mals might lead to development of fatty liver. 
Epinephrine causes an immediate and marked in- 
crease in the rate of release of FFA from adipose 
tissue in vitro (11) and in vivo (12), and nor- 
epinephrine acts similarly (13, 14). Because the 
FFA response to norepinephrine is smoother and 
more sustained than the response to epinephrine 
(13), the former has been used in most of these 
experiments. 


METHODS AND EXPERIMENTAL PROCEDURE 


Experiments were performed on male mongrel dogs 
weighing 8 to 15 kg, maintained for 1 to 3 weeks on a 
diet of canned meat! which was offered each morning 
for a period of 4 hours. Following a 24-hour fast, the 
animals, anesthetized with sodium pentothal (thiopental), 
received via the femoral vein an 8-hour infusion of nor- 
epinephrine 2 in saline (1 to 2 ug per kg per minute) 
while the control animals received only saline. The in- 
fusion was delivered by a Bowman pump at a constant 
rate of 1 ml per minute. Before starting the infusion, 
liver biopsies (1 to 2 g) were obtained through an ab- 
dominal incision which was closed before the infusion 
was begun. 

1 Red Heart Dog Food, John Morrel and Co. 
2 Parke, Davis and Co. 


THE ROLE OF PLASMA FREE FATTY ACIDS IN DEVELOPMENT 
OF FATTY LIVER 


By EUGENE B. FEIGELSON,} WILLIAM W. PFAFF, ARTHUR KARMEN 
DANIEL STEINBERG 


(From the National Heart Institute, National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md.) 


(Submitted for publication June 5, 1961; accepted August 17, 1961) 


2171 


Portal vein infusions were administered by way of a 
small polyethylene catheter introduced into a_ splenic 
vein and threaded up to the portal vein at the time of 
laparotomy. At the end of the 8-hour infusion, a sec- 
ond liver biopsy was obtained through the same incision 
which was reopened for this purpose. In one experi- 
ment, serial liver biopsies were obtained at 0, 2, 4 and 8 
hours during the course of a norepinephrine infusion. 
Serial blood samples were taken throughout each infu- 
sion. All blood samples were drawn from the femoral 
vein into dry syringes, transferred to heparin-containing 
tubes, promptly chilled, and kept at 4° C until analytical 
procedures were started. Plasma FFA were deter- 
mined by the method of Dole (9). All biopsies were 
analyzed for total cholesterol (15), phospholipids (16), 
and total lipids (17), and examined histologically for 
fat using an Oil Red O stain. Triglycerides were calcu- 
lated by the Bragdon method (17). The portions of the 
liver biopsies used for lipid analysis were homogenized 
in acetone-ethanol (1:1, vol/vol) and centrifuged. One 
aliquot of the supernatant was taken for cholesterol de- 
termination and the remainder was taken to dryness un- 
der nitrogen. The residue was taken up in chloroforn:- 
methanol (2:1), water was added to separate the two 
phases, and aliquots of the chloroform phase were taken 
for determination of phospholipids and total lipids. Blood 
glucose was measured colorimetrically by the Somogyi- 
Nelson method (18). 

Liver lipids were fractionated into subclasses using 
a silicic acid column according to Borgstrom (19). The 
neutral lipids as a group were eluted with chloroform 
and the phospholipids with methanol. The lipids in the 
chloroform eluate were then applied to silicic acid-treated 
paper on which the cholesterol esters and glycerides were 
separated by using 99 per cent iso-octane, 1 per cent 
acetic anhydride as solvent (20). The lipid spots on the 
paper were identified by staining with a spray of 0.04 per 
cent Rhodamine B in methanol. Then the spots were 
cut out and eluted with chloroform-methanol (2:1), 
which was then evaporated to dryness in small glass 
tubes. One ml of methanol containing 2 per cent H.SO, 
(vol/vol) was then added to each tube, the tubes were 
sealed, and the mixtures were heated at 65° C overnight. 
One ml of water was then added to each tube and the 
methyl esters were extracted into petroleum ether. The 
petroleum ether extracts were concentrated and aliquots 
were analyzed by gas-liquid chromatography. The col- 
umn used was a U-shaped glass column, 4 mm I.D., 6 
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feet long, packed with Chromosorb W (Johns Manville) 
on which a coating of ethylene glycol-adipate polyester, 
10 per cent (wt/wt), had been applied. The analysis 
was performed at 190° C. The detector used was a modi- 
fication of that described by Lovelock (21), the re- 
sponse of which had been calibrated for quantitative ac- 
curacy. 


RESULTS 


Comparative effects of epinephrine and norepi- 
nephrine on plasma FFA and glucose levels dur- 
ing an 8-hour infusion. Figure 1 represents the 
changes in plasma FFA and glucose levels during 
norepinephrine infusion (top half), and at a later 
date, and in the same dog, during epinephrine infu- 
sion (bottom half). T'.2 FFA response to norepi- 
nephrine was sustained at high levels throughout 
the 8-hour infusion, dropping precipitously when 
the infusion was terminated. The FFA response 
to epinephrine was prompt and marked but the 
maximal levels reached were not as high as those 
seen with norepinephrine. Despite continued in- 
fusion of epinephrine at the same rate, the FFA 
level fell to values not far above the control level 
but then rose again later in the experiment. These 
changes in FFA level appeared to bear a recipro- 
cal relation to changes in blood glucose levels. 
Norepinephrine has insignificant glycogenolytic 
properties compared with epinephrine (22), and 
no rise in blood glucose is seen with the former. 
Norepinephrine was therefore chosen for the fol- 
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lowing experiments in which sustained FFA lev- 
els were desired. 

Effect of an 8-hour infusion of norepinephrine 
on liver lipids. In Figure 2 the effect of an 8-hour 
infusion of norepinephrine on liver triglyceride 
concentration is illustrated. There was a pro- 
gressive rise in liver triglyceride content through- 
out the infusion from an initial level of 4 to 5 mg 
per g liver to an 8-hour concentration of 33 mg 
per g. Associated with the increase in triglycer- 
ides was a marked elevation of the plasma concen- 
tration of FFA which continued until the infusion 
was terminated. The microscopic appearance of 
the liver is shown in Figure 3, in which a pro- 
gressive rise in stainable fat is seen with a strik- 
ing fatty infiltration by 8 hours. 

Seven experiments were carried out in which 
the changes in plasma FFA concentration and the 
changes in liver lipid concentrations were meas- 
ured over the course of an 8-hour infusion of 
norepinephrine. The FFA responses are shown 
in Figure 4 (E-K), along with the curves for 
FFA concentration in four control animals (A-D) 
receiving intravenous saline only. The corre- 
sponding changes in liver lipids are tabulated in 
Table I. All experimental animals (E-K) had 
a marked and sustained elevation of plasma FFA 
for the duration of the infusion, which was as- 
sociated with increases in liver triglyceride as 
great as tenfold over the 8-hour period (mean 
increase, 773 per cent). The plasma FFA levels 
of the control animals (A-D) remained low and 
there was little or no change in liver triglyceride 
(mean increase, 39 per cent). The concentrations 
of liver cholesterol and phospholipids showed 
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Fic. 3. HistToLoGic SECTIONS OF LIVER BIOPSIES TAKEN DURING THE COURSE OF THE EXPERIMENT ILLUSTRATED IN 
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Ficure 2 at 0, 1, 4 ann 8 Hours. The lipid staining material appears black in this reproduction (stained with Oil 
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very small changes. These were consistently 
positive over the 8-hour period, but the mean 
changes were not significantly different in control 
and experimental groups. The mean change for 
total cholesterol in the control group was + 8 per 
cent and in the experimental group + 12.4 per 
cent. Mean phospholipid change in the control 
group was + 10.3 per cent and in the experimental 
group + 69 per cent. Thus, norepinephrine did 
not appear to have an influence on these small 
changes, while it markedly affected triglyceride 
concentrations. Comparable increases in plasma 
FFA and liver triglyceride were achieved with the 
two concentrations of norepinephrine infused. 

The changes in plasma total cholesterol levels 


during and after systemic infusion of norepi- 
nephrine were variable in the anesthetized, oper- 
ated animals. In five experiments, changes in 
the plasma cholesterol levels 6 hours after the 
start of the infusion varied from + 13 to — 16 per 
cent, with a mean change of +1 per cent. In 
three of these animals there were significant in- 
creases (12, 21 and 24 per cent, respectively) at 
some time in the period between 4 and 8, hours 
after the start of the infusion. Plasma cholesterol 
levels were determined at 24 hours (16 hours 
after termination of the infusion) in four animals. 
Two showed no rise; two showed elevations of 17 
and 24 per cent, respectively. The variability in 
these responses may be due to the anesthetic or 
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Fic. 4. PrasmMA FFA cCuRVES OF SEVEN ANIMALS 


(@——@) RECEIVING CONTINUOUS 8-HOUR INFUSIONS 
OF NOREPINEPHRINE AND OF FOUR CONTROL ANIMALS 
(O——O) RECEIVING SALINE. The letters on each curve 


correspond to the same letters in Table I, which shows 
the corresponding liver lipid changes. 


operative procedures, or both, including the han- 
dling of the liver. Two studies were done with 
an anesthetized dog not subjected to surgical bi- 


Total 


Dog Hour cholesterol 


Controls (saline infusion) 


A 0 1.99 
& 2.19 
Difference 0.20 


0 2.02 

2.20 

Difference 0.08 

Cc 0 2.09 
8 2.32 

Difference 0.23 


0 2.79 
3.02 
Difference 0.23 


E 0 

8 2.55 
Difference 
0 
Difference 


0 


Difference 
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TABLE I 


Changes in liver lipid concentrations induced by norepinephrine infusion 


mg/g liver wet wt 


Mean increase in triglycerides: + 39% 


Norepinephrine (1 wg/kg/min by femoral vein infusion) 


Mean increase in triglycerides: + 799% 


opsy until the end of the 8-hour infusion, the first 
using epinephrine, the second using norepineph- 
rine. On both occasions the serum cholesterol at 
8 hours was found to be elevated (35 and 29 per 
cent above control levels, respectively) and then 
fell toward normal at 24 hours. The timing of 
these responses differs notably from that seen 
when unanesthetized dogs were given epinephrine 
in oil, in which case there was no elevation at 6 
hours but consistent elevations, averaging 28.6 per 
cent, at 24 hours (23). 

Effect on liver lipids of 8-hour norepinephrine 
infusion into the portal vein. That the liver is a 
principal site of norepinephrine inactivation is es- 
tablished (24). In Figure 5, the FFA response 
to norepinephrine infusion (1 pg per kg per min- 
ute) via the portal vein is seen to be insignificant 
when compared with the FFA response to the same 
amount of norepinephrine infused into the femoral 
vein of the same dog. Failure of the FFA to in- 
crease during portal vein infusion was associated 
with failure of the mean blood pressure to rise sig- 


Free 


cholesterol Phospholipids Triglycerides 


mg/g liver wel wt 


27.3 4.7 
2.06 30.6 8.1 
0.29 33 3.4 
27.5 4.2 
1.98 31.6 5.2 
0.09 4.1 1.0 
1.88 30.3 3.4 
2.08 32.8 4.2 by 
0.20 2.5 0.8 
2.41 33.6 | 
2.46 35.6 11.0 
0.05 2.0 2.9 7 
2.10 33.5 7.6 
2.13 34.6 32.0 
1.1 24.4 
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TABLE I—( Continued) 


Total 


Dog Hour cholesterol 


Phospholipids 


Free 
cholesterol 


Triglycerides 


mg/g liver wet w i 


H 0 2.50 
8 2.99 

Difference 0.49 

I 0 1.94 
8 2.48 

Difference 0.54 

J 0 2.05 
2.30 

Difference 0.25 

K 0 2.92 

Difference 0.21 


Norepinephrine (2 ug/kg/min by femoral vein infusion) 


Mean increase in triglycerides: + 754% 


mg/g liver wet wt 


2.50 30.6 
2.65 31.6 24.0 
0.32 1.0 30.5 
1.89 27.3 5.3 
30.5 51.0 
0.33 3.2 45.7 
1.85 29.3 
2.10 30.1 33.0 
0.25 0.8 30.5 
2.63 29.9 18.0 
0.02 1.8 11.0 


Norepinephrine (1 wg/kg/min by portal vein infusion) 


L 0 

3.02 
Difference 0.29 
0 2.45 
8 2.84 
Difference 0.39 


Mean increase in triglycerides: + 2.8% 


247 30.0 9.0 
2:49 31.0 
0.02 1.0 0.5 


2.18 
2.51 
0.33 


Norepinephrine (2 ug/kg/min by portal vein infusion) 


N 0 3.04 
8 3.23 

Difference 0.19 

O 0 2.86 
8 3.19 

Difference 0.33 


2.33 30.9 13.0 
2.42 31.6 14.0 
0.09 0.7 1.0 
2.18 31.3 18.0 
31.4 28.0 
0.07 0.1 10.0 


Mean increase in triglycerides: + 32% 


nificantly. When systemic infusion was started, 
both blood pressure and FFA levels rose. Figure 
6 illustrates the differences in plasma FFA levels 
between dogs receiving an 8-hour norepinephrine 
infusion at a rate of 1 wg per kg per minute sys- 
temically and dogs receiving norepinephrine at 
the same rate via the portal vein. At the end of 
8 hours, after liver biopsies were taken, the portal 
vein infusions were changed to systemic infusion 
to demonstrate that the dogs were capable of re- 
sponding with an FFA increase. The liver lipid 


changes resulting from the infusions depicted in 
Figure 6 are included in Table I. There were no 
changes in the dogs receiving the portal vein in- 
fusions (L, M), but the triglyceride changes as- 
sociated with the systemic infusions are great 
the rate 


In two additiona’ experimen 


(E, G). 


of norepinephrine infusion into the portal vein 
was doubled (2 wg per kg per minute), and in 
these experiments rises in plasma FFA concentra- 
tions comparable to those seen with systemic infu- 
sion of 1 wg per kg per minute were seen, pre- 
sumably because some of the infused norepineph- 
rine escaped inactivation during the first passage 
through the liver. One of these animals (Dog O, 
Table I) showed a rise in liver triglyceride con- 
centration, but the second animal (Dog N, Table 
I) failed to show any change in liver triglyceride 
concentration. It should be noted that both ani- 
mals given the high rate of norepinephrine infusion 
intraportally died, for reasons unknown, within 6 
hours after completion of the experiment. 

Fatty acid composition of liver lipids, plasma 
FFA and adipose tissue before infusion of nor- 
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TERRUPTED BY SALINE INFUSIONS, WITH PLASMA FFA RE- 
SPONSES TO THE SAME RATE OF NOREPINEPHRINE INFUSION 
DELIVERED VIA FEMORAL VEIN. 


epinephrine, and of liver lipids and plasma FFA 
after infusion. In experiment F (see Table I 
and Figure 4), the fatty acid compositions of the 
liver lipid fractions, plasma FFA and adipose tis- 
sue were determined and are shown in Figure 7. 
While the triglyceride content of the liver in- 
creased from 3 to 39 mg per g liver, the decrease 
in linoleic acid at the end of 8 hours was only 18 
per cent. That linoleic acid was not contributed 


PLASMA FFA (yEq /m!) 


Fic. 6. CoMPARISON BETWEEN PLASMA FFA RESPONSES 
IN TWO ANIMALS RECEIVING NOREPINEPHRINE VIA THE FE- 
MORAL VEIN (@ @) AND THE PLASMA FFA Rr- 
SPONSES IN TWO ANIMALS RECEIVING THE SAME RATE OF 
NOREPINEPHRINE INFUSION VIA THE PORTAL VEIN 
(O——O). The letters on each curve correspond to 
the same letters in Table I, which shows the correspond- 
ing liver lipid changes. 
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to triglyciide by transfer from phospholipid or 
cholesterol esters is apparent from examination 
of Table I and Figure 7. First, the absolute con- 
centration of these fractions actually increased 
slightly, and second, the per cent linoleic acid in 
them, rather than decreasing, increased somewhat 
over zero time values. The fatty acid composition 
of the liver triglycerides, before and after nor- 
epinephrine, was similar to the composition of the 
fatty acids of adipose tissue as determined in a 
biopsy specimen taken from the mesenteric fat. 
The fatty acid composition of the plasma FFA 
after norepinephrine infusion also became almost 
identical to the composition of the adipose tissue 
triglycerides. 
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DISCUSSION 


These experiments demonstrate that a sustained 
elevation of plasma FFA concentration, induced 
in this case by constant intravenous infusion of 
norepinephrine, is associated with a progressive, 
rapid increase in the level of triglycerides in the 
liver. The latter effect is related to either: 7) the 
elevated FFA concentration in the plasma and 
saturation of the normal mechanism for handling 
FFA by the liver, 2) liver damage from the ex- 
perimental procedure in which the normal mecha- 
nism for handling FFA by the liver was com- 
promised, 3) a direct or indirect effect of norepi- 
nephrine on the liver, or 4) a combination of any 
of the possibilities noted above. That the fatty liver 
was not caused by a direct effect of norepinephrine 
on liver metabolism is demonstrated by the portal 
vein infusion experiments in which norepineph- 
rine failed to affect liver triglycerides except when 
plasma FFA was also affected. The possibility 
that the vasomotor effects of norepinephrine on 
hepatic circulation may have played a role in the 
development of the fatty liver cannot be ruled out 
by these experiments. That the experimental pro- 
cedure, per se, independent of the norepinephrine 
effect, may have significantly damaged the liver 
seems unlikely, since no histopathological changes 
were noted in the livers of control animals and 
because of the highly significant differences in 
liver triglyceride observed between control and 
experimental animals. However, the possibility 
that the experimental procedure may have, in some 
unknown manner, restricted the normal capacity 
of the liver to handle FFA cannot be excluded. 

The study of the fatty acid composition of the 
newly deposited triglycerides helps establish that 
they were not synthesized by the liver de novo, 
since the linoleic acid content increased in propor- 
tion to the over-all increase in triglyceride fatty 
acids (25). It has been shown that linoleic acid 
is not synthesized by mammalian liver (26) and 
rats, in particular, can be made deficient in lino- 
leic acid (27). The fact that the proportion of 
linoleic acid in the hepatic triglycerides remains 
the same despite a large increase in the total he- 
patic triglycerides does not prove that all of the 
fatty acids are derived from the periphery under 
the influence of norepinephrine, but does prove 
that the fraction of fatty acids derived from the 
periphery probably remains the same under the in- 
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fluence of the hormone as in control conditions. 
Furthermore, the pattern of the plasma FFA dur- 
ing the infusion of norepinephrine was altered so 
as to become almost identical with the pattern of 
fatty acids in the adipose tissue and strikingly 
similar to the fatty acid pattern of the newly 
formed hepatic triglycerides. These results seem 
to justify the hypothesis that the most probable 
sequence of events is the following: mobilization 
of fatty acids from adipose tissue by norepineph- 
rine, transport to the liver, and incorporation into 
liver triglycerides. 

It has been established that an intact adrenal 
gland is essential for the production of certain 
kinds of fatty liver. This is true for the fatty liver 
due to phosphorus poisoning (1), prolonged fast- 
ing (2), exposure to cold (2), treatment with 
ethionine (3), and treatment with epinephrine 
(4). Recently it was shown directly that the 
ability of the animal to mobilize fatty acids from 
adipose tissue in response to epinephrine stimula- 
tion likewise depends upon the adrenal gland 
(28, 29) and possibly the pituitary gland (30) as 
well. It was suggested that the failure to induce 
fatty liver in the absence of the adrenal gland 
might be a reflection of this decreased ability of 
adipose tissue to respond in the animal with 
adrenocortical insufficiency. Also, it has been 
shown that adrenergic blocking agents inhibit the 
epinephrine-induced release of FFA from adipose 
tissue in vitro (31), and that they also reduce the 
triglyceride deposition in normal rat livers in- 
duced by carbon tetrachloride, ethionine and 
ethanol (25). 

Putting the present studies into the context of 
available information concerning development of 
fatty liver, it is theoretically possible to propose 
two general categories, as indicated in Figure 8. 
On the one hand, fatty liver can be produced in the 
absence of hepatic damage if the rate at which 
fatty acids are brought to a normal liver exceeds 
its ability to metabolize them further, either by 
oxidation or by resecretion into the plasma as 
components of the lipoproteins. In the present 
experiments, there is no reason to believe that the 
liver was in any way damaged, unless the anes- 
thesia or the surgical manipulation induced tem- 
porary derangement of function. On the other 
hand, when the liver is damaged or metabolically 
altered, there may be an inability to handle even 
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Fic. 8. PRopos—ED SCHEME SUMMARIZING THE ROLE OF 
PLASMA FFA IN THE DEVELOPMENT OF FATTY LIVER IN A 
NORMAL LIVER (RIGHT) AND IN A DAMAGED OR METABOLI- 
CALLY ALTERED LIVER (LEFT). Mobilization, as used in 
this scheme, includes oxidation to CO, or secretion into 
the plasma as component lipids of the lipoproteins, or 
both. 


the normal flow of FFA from the depot. Hepato- 
toxic agents, such as carbon tetrachloride, may 
reduce the capacity of the liver to form and se- 
crete lipoproteins or to oxidize fatty acids and 
thus lead to accumulation of liver fat. In some 
instances, of course, the fatty liver may be due to a 
combination of these circumstances, i.e., an in- 
creased rate of delivery of fatty acids to the liver 
and a decreased ability of the liver to handle them. 
This is not meant to imply that all fatty livers can 
be explained on this simple basis. For example, 
there is evidence to suggest that the fatty liver due 
to ingestion of alcohol may in part be the result 
of increased rates of fatty acid synthesis in the 
liver (32). However, the accumulated evidence 
supporting the importance of transport of fat from 
depot to liver, presumably as FFA, in the de- 
velopment of fatty liver from many causes is im- 
pressive. 


SUM MARY 


Sustained elevation of plasma FFA concentration 
in dogs, induced by infusion of norepinephrine into 
the femoral vein, was associated with a progres- 
sive and rapid rise in liver triglyceride. The same 
concentration of norepinephrine infused into the 
portal vein caused little elevation of plasma FFA 
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Studies of the 


and no rise in liver triglyceride. 
fatty acid composition of the liver triglyceride, 
plasma FFA and adipose tissue triglyceride were 
consistent with the hypothesis that the newly 
formed liver triglyceride was synthesized from 
plasma FFA mobilized from adipose tissue. The 
role of plasma FFA in the development of fatty 
liver is discussed, and a scheme for the develop- 
ment of fatty liver under a variety of conditions 
is presented. 
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Pregnancy may precipitate frank diabetes (1-5) 
or aggravate diabetes with regard to the clinical 
course and insulin requirements (6-10). Not all 
susceptible females are equally affected and some 
escape deterioration of carbohydrate metabolism 
during a particular pregnancy (10-14). The 
detrimental effects are frequently interrupted early 
in the puerperium (1, 2, 14-16). Consideration 
of the diabetogenic factors involved has focused at- 
tention on the contra-insulin effects of cortisone 
and growth hormone (2, 5,17). Insulin degrada- 
tion by one of the products of conception, the pla- 
centa (18), and insulin inactivation by plasma pro- 
tein (19) represent other potential factors. The 
contra-insulin effects have been interpreted as a 
challenge to the insulin-producing capacity of the 
maternal pancreas (2, 3). 

The limitations of the oral glucose tolerance 
test, particularly during pregnancy (20-23), cast 
doubt on interpretations indicating impaired tol- 
erance in nondiabetic women (24-27).  Intra- 
venous tolerance tests have been inconclusive 
(28) with some values (29) indicating that glu- 
cose tolerance may improve during uncomplicated 
pregnancy. There is at present no convincing evi- 
dence of altered glucose tolerance in the non- 
diabetic pregnant female, despite the multiplicity 
of metabolic changes during pregnancy and the 
adverse effects upon the diabetic state. Failure to 
disclose significant alterations in tolerance may 
have resulted from: 1) inadequacies of the oral 
glucose tolerance test because of the interaction 
between glucose absorption and glucose uptake by 
tissues; 2) insensitivity of the intravenous test 
methods employed, since only a rough estimate of 
tolerance can be derived from the fall in blood 
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glucose concentration within a preselected interval, 
usually 2 hours (30); or 3) the absence of a net 
change in glucose tolerance during pregnancy. 
The last possibility could reflect a balance between 
the effects of increased insulin production and 
contra-insulin mechanisms. This possibility also 
offers a basis for the maintenance of tolerance dur- 
ing pregnancy in the nondiabetic and the deterior- 
ation of tolerance in the diabetic female, assuming 
a relative inability of the diabetic to meet a de- 
mand for more insulin. 

This investigation was directed at revaluating 
the pattern of glucose tolerance during uncompli- 
cated pregnancy in nondiabetic women. The 
slope of the tolerance curve after the injection of 
a standard dose of glucose served as the index of 
glucose tolerance. Previous experience with this 
technique has shown it to be sufficiently sensitive to 
reveal changes in glucose tolerance among non- 
diabetic.male subjects on the basis of differences 
in age (30). 


EXPERIMENTAL METHODS 


Subject selection. One hundred sixteen ambulatory fe- 
male subjects, aged 16 to 41 years, were screened by a 
detailed history, physical examination, urinalysis and 
fasting blood glucose determination. Subjects presenting 
any of the following were excluded from the study: 1) 
a history or evidence of diabetes or glycosuria; 2) a 
family history of diabetes; 3) a suspicious obstetrical 
history including babies of excessive weight (exceeding 
4.0 kg) and unexplained stillbirths; 4) alcoholism, hepato- 
megaly, cirrhosis or other liver disease; 5) thyroid or 
other endocrine disturbance; 6) cardiac decompensation, 
edema, toxemia and abnormalities of pregnancy; 7) gas- 
trointestinal upsets; 8) the taking of steroid drugs (all 
other medication was omitted for 24 hours before the 
test) ; and 9) infection, temperature elevation, or trauma 
(including surgical) within 1 week of the test, except for 
the postpartum group which was tested after the third 
postpartum day. The previous diet provided 2,000 calor- 
ies daily for at least 1 week, again with the exception of 
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TABLE I 
Subject characteristics 


Pregnant (trimester) 


Non- Post- 
Variable pregnant First Second Third All partum 
N 30 21 20 20 61 25 


Age (yrs) 


Height (cm) 


Weight (kg) 


(mg/100 ml) 


Mean 26.0 24.3 24.4 23.2 24.0 
Range 19-35 17-34 17-34 17-37 17-37 
Mean 162.7 160.0 159.6 159.2 159.6 
Range 150-179 153-173 152-176 150-173 150-176 
Mean 59.7 60.4 59.0 65.5 61.6 
SE of mean 2.0 2.5 2.3 1.5 
Range 

Fasting blood glucose Mean 65.9 61.3 59.1 59.6 60.0 
SE of mean 12 1.5 1.6 1.9 1.0 
Range 


26.4 
16-41 


156.4 
147-167 


SAMPLE PLOTS OF INDIVIDUAL TOLERANCE TESTS 
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MINUTES 
Fic. 1. LoG GLUCOSE CONCENTRATION IN VENOUS BLOOD (MILLIGRAMS PER 100 ML) 
PLOTTED AGAINST TIME (MINUTES) FOR INDIVIDUALS SELECTED FROM THE FOLLOWING 
GROUPS : NONPREGNANT (SOLID LINE), THIRD TRIMESTER (DOTTED LINE), AND FIRST TRI- 
MESTER (DASHFP "INE). 
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the postpartum group, in which the minimal period was 
3 days. 

Experimental procedure. With the subject in the basal 
state, a modified Lindeman needle was inserted into an 
antecubital vein 20 minutes before the test and left in place 
until completion of the procedure. Patency of the needle 
was maintained by heparinization of the stylus. This 
needle was used only for the subsequent drawing of 
blood specimens without a tourniquet (31) and for ob- 
taining a fasting sample a few minutes before zero time. 
The latter was recorded at the beginning of the injec- 
tion of 50 ml of 50 per cent glucose in water into a vein 
of the opposite arm over a period of 2 minutes. 

Blood samples were collected at 10 minutes and at 10- 
minute intervals thereafter until 60 minutes. The blood 
was immediately placed in dried heparin-fluoride tubes 
and analyzed on the day of the test by the Nelson-Somo- 
gyi method (32). Determinations were in duplicate and 
read on a Klett-Summerson photoelectric colorimeter. 

Data analysis. The observations obtained between 10 
and 60 minutes for each glucose tolerance test (GTT) 
were fitted to the equation, logey = logeA — kt, where y 
is the blood glucose concentration in milligrams per 100 
ml, 4 is the intercept with the vertical axis, and ¢ is the 
lapsed time in minutes. The value of k, the index of 
tolerance for the study, was computed for each subject 
from the visually fitted slope to a plot of the log glucose 
Glucose spaces were de- 


concentration against time.! 


1 The derivation of k by least squares has been com- 
pared with graphic estimates obtained from visual fits 


™. per 100 al, 
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VENOUS BLOOD GLUCOSE 


‘ing (30 subjects); pregnant, first trimester 
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rived by extrapolating the GTT plots to the intercept at 
zero time without applying a correction factor (33) for 
the concentration of solids in whole blood.2, Changes in 
glucose tolerance were evaluated by comparing the k val- 
ues of the following groups: nonpregnant, nonmenstruat- 
(21 sub- 
jects) ; pregnant, second trimester (20 subjects); preg- 
nant, third trimester (20 subjects); pregnant, total (61 
subjects) ; and postpartum, fourth through the sixth day 
(25 subjects). 


RESULTS 


Reliability of methods. The standard error of 
estimate of repeated glucose determinations on a 
single blood filtrate was = 0.61 mg per 100 ml 
(N = 55, mean glucose concentration = 122 mg 
per 100 ml). Corresponding values for duplicate 
filtrates prepared from the same blood specimen 
were + 0.92 mg per 100 ml (N = 100, mean glu 
cose concentration = 119 mg per 100 ml). 

General description of results. No significant 
differences in age were found among the subject 
(30). The results were in sufficiently close agreement 
for the GTT (R=0.96) to substantiate the use of the 
visual method. 

2 Glucose space (liters) = 

injected dose (25 g) 

0 time concentration — fasting concentration (g/L) 


Fic. 2. CHANGES IN THE RAPID INTRAVENOUS GLUCOSE TOLERANCE TEST IN PREGNANCY. 


Logs of average venous 


blood sugar values (milligrams per 100 ml) for each group plotted against time (minutes) after the intravenous injec- 


tion of 25 g of glucose. 


A. Nonpregnant (solid line), second trimester (dotted line), first trimester (dashed line). 


B. Postpartum (solid line), third trimester (dotted line), first trimester (dashed line). 
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TABLE II 
Nonpregnant women of childbearing age (30 subjects) 


Blood levels after 25 g glucose i.v. 
(mg/100 ml at time in min) 
Glucose 
volume 


30 40 50 


L 
M.J 25 170 94 66 180 153 130 117 100 89 1.50 17.6 
J.K 21 161 47 67 231 186 165 144 127 112 1.65 12.3 | 
B.D $3 166 $1 69 200 167 144 124 109 92 1.64 15.0 
° DJ.\ 30 164 82 80 223 198 173 156 140 133 1.40 14.7 
P.G 19 166 50 69 218 196 164 145 130 108 1.18 15.2 : 
Pa 23 157 60 70 197 170 147 131 116 100 1.31 16.5 
N.I 35 159 49 60 185 149 126 108 100 88 1.81 15.4 | 
E.S 29 159 51 64 222 189 152 130 113 99 1.76 12.4 fe 
H.R 28 179 63 66 182 151 123 109 96 84 1.73 16.9 ie 
- LS 20 164 50 66 224 117 155 136 124 112 1.50 14.3 : 
G.C 24 164 75 if, 186 167 150 136 123 116 1.07 18.9 
ILO "29 ti2 56 70 188 159 140 129 115 99 1.35 17.4 
PC 25 161 52 64 201 173 161 145 134 121 1.39 1h 
O'S. J 26 166 62 64 194 150 127 104 83 72 2.04 14.5 
E.F. 29 159 56 68 215 174 155 150 136 125 1.07 16.1 
M.K. 23 154 56 60 200 172 139 122 112 94 LS? 14.5 
_ DL 23 155 49 62 237 204 181 159 139 119 £33 12.2 
=: LR $2 150 48 60 198 151 119 92 78 59 2.47 eR! 
B.M. 27 159 50 60 239 162 130 103 85 80 2.25 12,7 
r <. 23 167 59 52 170 150 133 115 102 92 1.25 18.1 
M.P. 26 172 66 65 181 126 97 79 59 49 2.73 15.2 
' E.W. 22 154 49 62 188 150 124 97 80 66 2.14 14.6 
M.V. 32 157 61 65 162 138 125 104 92 89 1.43 20.8 
J.B. 21 172 60 64 194 145 114 92 80 70 2.09 15.6 
R.T. 25 169 58 62 150 131 £2 88 74 72 1.59 15.8 
N.S 25 161 59 66 204 158 133 110 91 80 1.90 14.7 
Ba 30 162 64 57 208 171 147 129 115 94 1.54 13.5 
Q.N. 23 157 56 (if 231 177 140 124 111 88 1.78 14.1 
S.J. 24 169 64 69 182 139 108 80 71 62 2.44 17.3 
T.J 177 155 1.28 17.6 
199.8 163.7 139.0 120.0 105.4 A 


TABLE III 
Pregnant women in the first trimester (21 subjects) 


Blood levels after 25 g glucose i.v. 
(mg/100 ml at time in min) 
Glucose 
Subject Age Ht Wt 0 10 20 30 40 50 60 k volume 


%/min L 
. EK 32 161 §2 61 180 106 75 58 46 41 3.45 ‘3.2 
Si) 34 157 56 60 180 152 126 115 105 93 1.31 14.0 
G.G 21 173 ra 62 154 117 85 70 59 53 2.62 18.1 
R.S 20 157 48 50 179 113 81 42 35 27 3.38 14.6 
Die. 26 161 62 69 187 129 102 73 69 59 2.56 16.1 
. E.M 26 170 66 62 170 145 79 76 65 56 2.46 17.1 
LE 24 165 59 67 162 105 64 SS 43 41 3.23 18.9 
G.M zt 154 61 55 165 140 118 100 99 71 sy 17.7 
I.V 18 155 49 57 197 161 128 95 75 58 2.44 12.9 
S.\ 23 166 53 60 208 178 128 102 99 63 38 12.3 
fk & 28 156 57 62 172 145 115 106 95 88 wil) 17.7 
. C.R 20 166 59 71 186 138 100 77 58 53 .20 14.1 
iN M.P 23 165 72 64 184 150 123 106 97 87 85 17.2 
D.G. 24 157 66 1 180 156 138 115 102 91 .99 18.9 
P.M. 31 155 101 71 164 132 106 87 74 68 33 17.4 
3 x 
.36 
91 


108:7 16.7 


Mean 


2183 
Subject Age Ht Wt 
24.3 160.0 60.4 61.3 182.1 1414 65.3 2.42 15.6 
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TABLE IV 
Pregnant women in the second trimester (20 subjects) 


Blood levels after 25 g glucose i.v. 
(mg/100 ml at time in min) 


Subject 20 30 40 50 


171 1.27 

160 a 1.43 

105 : 2.52 

110 2.19 

128 1.68 

119 2.42 

131 h 1.75 

125 1.45 

133 2.03 

106 2.14 

116 4 2.40 

121 1.50 

147 1:93 

104 ~ 2.15 

102 . 2.38 

144 1.60 

120 2.50 

155 130 102 2.05 


OM: 


Oy 
AO 


Mean 24. 159.6 -1 186.0 151.8 125.7 102.9 87.4 


groups (Table I). <A small decrease in weight concentrations throughout pregnancy and the post- 
occurred (p= <0.05) in the postpartum sub- partum period showed small, but statistically sig- 
jects compared with the third trimester group. nificant, decreases from the nonpregnant level. 


This is an anticipated finding in a random sample A linear relationship was obtained when the 
of women after childbirth. Fasting blood sugar log glucose concentration for each test was plotted 


TABLE V 
Pregnant women in the third trimester (20 subjects) 


Blood levels after 25 g glucose i.v. 


(mg/100 ml at time in min) 
Glucose 


volume 


Subject 


=: 


an 


PM 


173 
139 


Mean 59. 59.6 178.5 145.8 120.9 


ee 


“IW OOM 
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60 k volume 

yrs cm kg %/min L 
32 13.0 

28 16.3 
20 16.7 
34 18.3 

21 12.9 

22 

19.1 

— 25 13.8 

ae 23 13.4 
18.8 
a 21 12.0 
28 17.5 
17 27.2 
20 16.1 
21 14.3 
23 12.8 

28 13.4 
26 10.4 

815.6 

Ht Wt 10 20 30 40 50 60 k 

+ 

H 

M 

E. 
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TABLE VI 
Women in the first postpartum week (25 subjects) 


Blood levels after 25 g glucose i.v. 


mg/100 ml at time in min) 
Glucose 


20 30 40 50 volume 


R.B. 23 149 48 54 203 
F.F. 32 157 62 52 197 
M.N. 23 153 71 73 196 
E.K. 38 155 75 56 168 
B.C. 19 166 54 56 191 
M.D. 25 165 58 49 182 
.<. 22 150 54 91 218 
R.M. 20 159 57 52 192 
AP, - “a 165 63 53 164 
ALR. 20 155 59 55 194 
I.D. 34 153 61 50 174 
M.M. 31 167 52 55 178 
M.N. 22 157 51 55 188 
LF, 24 150 44 47 175 
O.R. 19 157 56 66 185 
H.C. 38 153 57 54 175 
L.D. 20 153 54 47 191 
el 25 153 51 53 214 
G.D. 24 160 69 56 177 
M.P. 29 155 59 40 206 
V.F. ai 147 59 56 222 
V.R. 16 156 48 48 200 
B.E. 31 150 48 70 220 
Sete 23 167 60 56 186 
K.F. 35 159 86 58 161 
Mean 26.4 156.4 58.2 56.1 190.3 


%o/min 

150 122 96 71 61 2.45 12.5 
173 144 126 116 112 1.32 14.7 
155 140 115 113 103 1.46 17.2 
146 128 110 95 79 1.44 18.4 
160 148 137 125 116 1.05 16.1 
145 115 91 80 71 2.14 14.8 
166 124 103 80 71 2.46 13.6 
166 136 133 101 85 32 15.2 
140 127 114 97 82 1.25 18.9 
160 130 115 97 84 1.70 14.8 
150 128 112 95 76 1.44 16.8 
119 108 83 72 53 2.15 16.7 
161 137 128 113 104 16.2 
128 102 92 77 67 1.53 18.2 
156 127 106 96 78 1.79 15.5 
149 138 112 92 86 1.51 16.9 
173 157 139 120 115 1.09 14.4 
166 155 134 126 112 1.21 15.6 
139 116 94 79 71 1.97 15.9 
156 140 120 103 94 1.57 14.2 
192 171 157 141 124 1.16 12.9 
165 140 114 101 88 127% 13.4 
186 160 140 122 103 1.51 13.7 
168 146 136 120 113 1.09 16.9 
115 102 83 82 74 1.68 19.7 
1554. 133.6 115.6 1.58 


100.6 88.9 


from 10 to 60 minutes. There was a tendency for 
small upward deviations at the 10- and 60-min- 
ute points. Figure 1 shows individual log plots 
selected from the nonpregnant, first trimester, and 
third trimester groups. Log plots of the mean glu- 
cose values for five groups of subjects are sepa- 
rated into Figures 2A and 2B because of the nearly 
identical curves in the second and third trimester 
and the nonpregnant and postpartum groups, re- 
spectively. The rate of decline of blood glucose 
concentration appears greatest in the first  tri- 


TABLE VII 


mester of pregnancy and recedes to an intermedi- 
ate level in the second trimester. No change oc- 
curred between the second and third trimesters. 
During the first postpartum week the rate returns 
to that of the nonpregnant controls. 

The slope, k, computed for each subject’s GTT 
(Tables II-VI), provided numerical data for esti- 
mates of the variability within groups. Table 
VII summarizes the k values. Average values of 
k, expressed as per cent per minute, were as fol- 
lows for each subject group: nonpregnant, 1.67; 


Rate (k) of disappearance of glucose from venous blood after intravenous injection of 25 g glucose 


and extracellular distribution volume of glucose* 


Pregnant (trimester) 
Post- 


Non- 
pregnant 


First 


Second Third partum 


30 
k (%/min) Mean 1.67 
SE of mean 0.08 
Glucose Mean 15.4 
volume (L) SE of mean 0.4 


21 


1 


20 
2.42 1.92 1.91 2.09 1.58 
0.14 0.09 0.10 0.07 0.08 
5.6 15.6 15.7 
0.5 0.8 0.9 0.4 


* Glucose volume = dose administered/blood glucose concentration at zero time — fasting concentration. 
correction was made for concentration of water in whole blood. 
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first trimester, 2.42; second trimester, 1.92; third 
trimester, 1.91; and postpartum, 1.58. The over- 
all effect of pregnancy, combining the three tri- 
mesters, was an increase in k from the nonpreg- 
nant level of 1.67 to 2.09.8 

Extrapolated, extracellular distribution volumes 
of glucose were comparable in all groups, except 
the third trimester (Table VII). The volume in- 
crease of 19+1.0 L (difference in means + 
standard error of the difference) in the third tri- 
mester over the nonpregnant group was significant 
at p= < 0.05. 


DISCUSSION 


Subjects, activity and diet. Differences in age 
(30), activity (34) and diet (35) influence glu- 
cose tolerance. The age range was comparable in 
all groups. However, the postpartum group un- 
derwent the stress of childbirth (36), including 1 
day of restricted food intake. Although not con- 
fined to bed, they were less active physically. 
These circumstances tend to depress glucose tol- 
erance, and may have contributed to the fall in k 
during the postpartum period. 

The tolerance equation in pregnancy. 
cose tolerance equation, y = Ae-™', graphically ap- 
plied in the log form, log.y = log,A — kt, gathers 
the experimental, absolute glucose levels of each 
test and expresses them as a single derived value 
in the rate constant k (30, 37-39). This method 
has both the convenience and the limitations of a 
simple analytical curve used as a graduation de- 
vice for expressing differences in the rate of disap- 


The glu- 


pearance of glucose. The rate constant is closely 
correlated with glucose clearance from the blood. 
Its reproducibility has been confirmed and ad- 


iustment of the glucose load to body size is un- 


3 Differences in the mean values of k were significant 


at p< 0.01 between pairs of the following groups: non-: 


pregnant and first trimester; first trimester and second 
trimester ; and nonpregnant and the total of all trimesters. 
Differences in k were significant at p < 0.05 between the 
following paired groups: combined second and third tri- 
mesters and nonpregnant; and third trimester and post- 
partum. When regrouped into three classes for an analy- 
sis of variance—A) nonpregnant, B) first trimester, and 
C) second trimester—the differences in k between classes 
were significant at the 0.001 point. Combination of the 
second and third trimesters in class C, or substitution of 
the third for the second trimester group in class C or the 
postpartum for the nonpregnant group in class A, re- 
sulted in similar statistical estimates. 
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necessary (30, 40). Comparable values of k in 
male subjects (30) are in close agreement with 
those of the nonpregnant female group, being 1.68 
+ 0.9 and 1.67 + 0.08, respectively. Cleempoel, 
Conard and Bastenie (41) reported normal values 
at 1.80 + 0.16. 

In vitro perfusion studies with nonmetabolized, 
glucose-like molecules (sorbitol) indicate rapid, 
extracellular equilibration, occurring well within 
10 minutes (42). Generally, the phase of extra- 
cellular mixing in the GTT is likewise sufficiently 
completed by 10 minutes after the glucose injection 
to be indistinguishable from the body of the toler- 
ance curve derived from venous blood samples. 
Interaction of the mixing phase with Fk is sug- 
gested in some individual curves by slight up- 
ward deflection of the 10-minute glucose values. 
Simultaneous estimates of the thiocyanate and 
glucose spaces, using the absolute glucose toler- 
ance equation for estimates of the latter, have 
been in close agreement (39). Urinary excretion 
of glucose within 1 hour after an intravenous dose 
of 25 g was measured in 10 pregnant and 6 non- 
pregnant female subjects. The mean glucose ex- 
cretion was 0.90 g, or 3.6 per cent of the dose, 


during pregnancy, and 0.80 g, or 3.2 per cent of 


the dose, in the nonpregnant state. Johnson and 
Bonsnes (29) also found the average urinary ex- 
cretion of glucose after the intravenous injection 
of 25 g to be substantially the same in pregnant 
subjects (7.2 per cent) as in nonpregnant con- 
trols (6.8 per cent). These amounts represent 
a small fraction of the administered glucose load. 
The urinary losses occur during the early part of 
the tolerance curve when blood glucose levels and 
renal tubular loads are high and may, as pointed 
out by West and Wood (40), contribute to the 
arly, slightly upward deviation of the tolerance 
curve from linearity. The latter part of the GTT 
curve involves an interaction with glucose release 
from the liver (43) which, in turn, probably ac- 
counts for late, upward nonlinearity, particularly 
when the curve is at or below fasting levels. 
Greville (44) and Hlad, Elrick and Witten 
(45) computed an asymptotic value of blood sugar 
concentration, c, using the equation log,(yv — c)= 
log.4 — kt. This method partitions the expres- 
sion of tolerance test data between the rate con- 
stant and the asymptote, since both terms are de- 
rived from the same set of experimental points. 
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All k values are thereby rendered more nearly 
alike, and differences in glucose tolerance are 
projected into the asymptote. Recalculations, by 
this method, of the data from both the present 
study and a comparable, previously published re- 
port involving age differences in k (30) resulted 
in qualitative conclusions regarding glucose toler- 
ance which were like those obtained without the 
asymptote (asymptote = zero). 

The substitution of the fasting blood sugar level 
for a computed asymptote (46, 47) has been criti- 
cally reviewed by Ikkos and Luft (48) and by 
West and Wood (40). 

Changes in k during pregnancy. The index of 
tolerance was increased throughout pregnancy, 
but mainly in the first trimester. There is no evi- 
dence supporting an augmented response to in- 


sulin during pregnancy, other than some uncer- 
tainties pertaining to the rapidly growing concep- 
tual products and the elevated metabolic rate (49). 
While the increased insulin effect indicated by k 
may have resulted from a greater release of in- 
Growth and re- 
distribution of body fluids occur as pregnancy pro- 


sulin, other factors are involved. 


gresses (50-52). Glucose crosses the placenta 
(53) and is utilized by the fetus (54). Chesley, 
Valenti and Uichanco estimated the total water 
gain of pregnancy as 6.3 L and the average gain in 
extracellular fluid (sucrose space) as 3.95 L, with 
2.65 L as the maternal fraction (50). The in- 
crement of extracellular fluid was taken as 3.8 L 
by Seitchik and Alper (55), with 2.5 L for the 
maternal fraction. By comparison, the increment 
in glucose space, measured from the nonpregnant 
state to the third trimester, is 1.9 = 1.0 L. While 
this figure is in fairly good agreement with esti- 
mates of the maternal fraction, it must be extended 
to its upper error range (2 standard errors) to ap- 
proach other estimates of total extracellular fluid 
gain. However, of the 20 subjects in the third tri- 
mester, 11 were at less than 32 weeks’ duration of 
pregnancy, 3 were beyond 36 weeks, and only 1 
had reached 39 weeks. This distribution does not 
represent full-term growth and fluid attainment. 
Furthermore, failure to correct for hemodilution, 
reported with advancing pregnancy (52), may 
have introduced an underestimate of the increase 
in glucose volume. The effects of increasing cell 
mass and body fluid are minimal in the first tri- 
mester and progressively reach a maximum in 
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later pregnancy. In contrast, the pattern of k 
changes (Table VII) proceeds in the opposite di- 
rection. ‘This trend is not attributable to progres- 
sively increasing distribution volumes, although 
the latter probably contribute to the over-all ele- 
vation of k in pregnancy. 

Hyperinsulinism of pregnancy. Simultaneous 
injection of glucose and insulin results in marked 
elevation of k (30). High k values have been ob- 
served in association with carcinoma of the pan- 
creatic islets (46), presumably due to increased 
levels of endogenous insulin. The increased levels 
of k, particularly in early pregnancy, indicate a 
state of mild hyperinsulinism, possibly secondary 
to chronic pancreatic stimulation. 

Welsh and Sims (56) found higher levels of 
plasma insulin-like activity in some of their preg- 
Hoet 


and Lukens (2) have emphasized the hypertrophy 


nant subjects than in nonpregnant controls. 


and hyperplasia of the islets of Langerhans ob- 
served in the human and animal maternal pan- 
creas during pregnancy, with marked regression 
of these changes in animals within 4 days after 
the birth of a litter. 


SUMMARY 


Glucose tolerance in pregnancy was studied by 
the intravenous glucose tolerance test under stand- 
ardized conditions, using 25 g of glucose and ve- 
nous blood samples. The rate of fall, k, obtained 
from a visual fit of the experimental sugar levels 
between 10 and 60 minutes to the equation log,y = 
log, A — kt, served as the index of tolerance. A 
total of 116 healthy women was tested, including 
30 nonpregnant, 25 postpartum, and 61 subjects 
with uncomplicated pregnancies. There 
significant elevation in k during pregnancy, par- 
ticularly in the first trimester, with a prompt re- 
turn to nonpregnant levels in the postpartum pe- 
riod. The glucose space was slightly increased 
in the third trimester. It is proposed that k ele- 
rations may result from both mild hyperinsulinism 
and increased distribution volumes in pregnancy. 


Was a 


ACKNOWLEDGMENTS 


The authors wish to express their appreciation to Miss 
Nechama Singer for technical and computational assist- 
ance, to Dr. Martin Bernstein, Dr. Eli Weil and Mr. Je- 
rome Dobkin for assistance with clinical and laboratory 
aspects of the study, and to the Nursing Staff at Maimo- 


: 
\ 
: 
{ 
ne 
= 
/ 


2188 FELIX A. SILVERSTONE, EDWARD SOLOMONS AND JEANETTE RUBRICIUS 


nides Hospital for supplying many of the nonpregnant fe- 

male subjects. 

REFERENCES 

. Bergqvist, N. The influence of pregnancy on dia- 
betes. Acta endocr. (Kbh.) 1954, 15, 166. 

. Hoet, J. P., and Lukens, F. D. Carbohydrate metab- 
olism during pregnancy. Diabetes 1954, 3, 1. 

3. Jackson, W. P. U. A concept of diabetes. Lancet 
1955, 2, 625. 

. Wilkerson, H. L. C. Maternal prediabetes and out- 
come of pregnancy: A preiiminary report. Amer. 
J. publ. Hith 1959, 49, 1032. 

. Jackson, W. P. U. Present status of prediabetes. 
Diabetes 1960, 9, 373. 

. Jones, W. S. The severity of diabetes in pregnancy. 
Amer. J. Obstet Grnec. 1956, 71, 318. 

. Long, W. N., Hartmann, W. L., Futcher, P. H., and 
Eastman, N. J. Diabetes mellitus and pregnancy. 
Obstet and Gynec. 1954, 3, 160. 

. White, P., and Hunt, H. Pregnancy complicating 
diabetes. A report of clinical results. J. clin. En- 
docr. 1943, 3, 500. 

. Hurwitz, D., and Higano, N. Diabetes and pregnancy. 
New Engl. J. Med. 1952, 247, 305. 

. Duncan, G. G., and Fetter, F. The effect of preg- 
nancy on the insulin requirement of the diabetic. 
Amer. J. med. Sci. 1934, 187, 347. 

. Pederson, J. Course of diabetes during pregnancy. 
Acta endocr. (Kbh.) 1952, 9, 342. 

. Hall, R. E., and Tillman, A. J. B. Diabetes in preg- 
nancy. Amer. J. Obstet. Gynec. 1951, 61, 1107. 

3. Lawrence, R. D., and Oakley, W. Pregnancy and 
diabetes. Quart. J. Med. 1942, 11, 45. 

. Hagbaard, L. Pregnancy and diabetes mellitus. A 
clinical study. Acta obstet. gynec scand. 1956, 35, 
suppl. 1. 

. Burt, R. L. Carbohydrate metabolism in pregnancy. 
Clin. Obstet. and Gynec. 1960, 3, 310. 

. Hurwitz, D., and Irving, F. C. Diabetes and preg- 
nancy. Amer. J. med. Sci. 1937, 194, 85. 

. Randle, P. J. Endocrine factors in the syndrome of 
diabetes mellitus in Modern Trends in Endocrinol- 
ogy, H. Gardiner-Hill, Ed. New York, Paul B. 
Hoeber, 1958, p. 70. 

. Freinkel, N., and Goodner, C. Carbohydrate me- 
tabolism in pregnancy. I. The metabolism of in- 
sulin by human placental tissue. J. clin. Invest. 
1960, 39, 116. 

. Yalow, R. S., and Berson, S. A. Plasma insulin in 
man. Amer. J. Med. 1960, 29, 1. 

20. Tunbridge, R. E., and Allibone, E. C. The intra- 
venous dextrose tolerance test. Quart. J. Med. 
1940, 9, 11, 

. Hansen, A., Zur Physiologie des Magens in der 
Schwangerschaft. Zbl. Gynak. 1937, 61, 2306. 

. Williams, N. H. Variable significance of heartburn. 
Amer. J. Obstet. Gynec. 1941, 42, 814. 


23. Moyer, J. H., and Womack, C. R. Glucose tolerance 


tests; relative validity of 4 different types of tests. 
Tex. St. J. Med. 1950, 46, 763. 


. Selman, J. J. The results of glucose tolerance tests 


in pregnant women. Ohio St. med. J. 1932, 28, 184. 


. Hurwitz, D., and Jensen, D. Carbohydrate metabo- 


lism in normal pregnancy. New Engl. J. Med. 
1946, 234, 327. 


. Weiden, S. Investigation of carbohydrate metabolism 


in normal pregnancy. Med. J. Aust. 1948, 1, 646. 


. Cobley, J. F. C. C, and Lancaster, H. O. Car- 


bohydrate tolerance in pregnancy. Med. J. Aust. 
1955, 1, 171. 


. Burt, R. L. Peripheral utilization of glucose in 


pregnancy and the puerperium. Obstet and Gynec. 
1954, 48, 58. 


. Johnson, D. G., and Bonsnes, R. W. The intrave- 


nous glucose tolerance test in pregnancy. J. clin. In- 
vest. 1948, 27, 745. 


30, Silverstone, F. A., Brandfonbrener, M., Shock, N. 


W., and Yiengst, M. J. Age differences in the 
intravenous glucose tolerance tests and the re- 
sponse to insulin. J. clin. Invest. 1957, 36, 504. 


31. Loughlin, W. C., Mosenthal, H. O., and Halpern, 


R. Effect of tourniquets on venous blood sugar 
values. J. Lab. clin. Med. 1943, 28, 1165. 


32. Nelson, N. A photometric adaptation of the Somo- 


gyi method for the determination of glucose. J. 
biol. Chem. 1944, 153, 375. 


33. Ikkos, D., and Luft, R. On the volume of distribu- 


tion of glucose in man. Acta endocr. (Kbh.) 
1957, 25, 335. 


34. Blotner, H. Effect of prolonged physical inactivity 


on tolerance of sugar. Arch. intern. Med. 1945, 
75, 39. 


. Himsworth, H. P. Dietetic factors influencing the 


glucose tolerance and the activity of insulin. J. 
Physiol. (Lond.) 1934, 81, 29. 


36. Frawley, T. F., Kistler, H., and Shelley, T. F ects 


of anti-inflammatory steroids on carbohydrate me- 
tabolism, with emphasis on hypoglycemic and dia- 
betic states. Ann. N. Y. Acad. Sci. 1959, 82, 868. 


37. Pijoan, M., and Gibson, J. G., II. The rate of disap- 


pearance of intravenously administered dextrose in 
the human subject. Amer. J. Physiol. 1938, 121, 
534. 


38. Hamilton, B., and Stein, A. F. The measurement of 


intravenous blood sugar curves. J. Lab. clin. Med. 
1942, 27, 491. 


. Conard, V., Franckson, J. R. M., Bastenie, P. A., 


Kestens, J., and Kovacs, L. Etude critique du 
triangle d’hyperglycémie intraveineux chez l‘homme 
normal et détermination d’un “coefficient d’assimi- 
lation glucidique.” Arch. int. Pharmacodyn. 1953, 
93, 277. 


. West, K. M., and Wood, D. A. The intravenous glu- 


cose tolerance test. Amer. J. med. Sci. 1959, 238, 
25. 


2] 
‘ 
4 
4 
| 
7 
| 
Lie 
| 
| 
| 
| 
| 
if 
‘ 


RAPID INTRAVENOUS GLUCOSE TOLERANCE TEST IN PREGNANCY 


. Cleempoel, H., Conard, V., and Bastenie, P. A. Car- 
cinoma of the islets of Langerhans; a test for 
hyperinsulinism. Lancet 1955, 2, 801. 

. Morgan, H. E., Henderson, M. J., Regen, D. M., and 
Park, C. R. Regulation of glucose uptake in heart 
muscle from normal and alloxan-diabetic rats: The 
effects of insulin, growth hormone, cortisone, and 
anoxia. Ann. N. Y. Acad. Sci. 1959, 82, 387. 

. Bondy, P. K., Bloom, W. L., Whitner, V. S., and 
Farrar, B. W. Studies of the role of the liver in 
human carbohydrate metabolism by the venous 
catheter technic. II. Patients with diabetic keto- 
sis before and after the administration of insulin. 
J. clin. Invest. 1949, 28, 1126. 

. Greville, G. D. The intravenous glucose tolerance 
equation. Biochem. J. 1943, 37, 17. 

J, jr, Hirick, and Watted,. A. 
Studies on the kinetics of glucose utilization. J. 
clin. Invest. 1956, 35, 1139. 

. Duncan, L. J. P. The intravenous glucose tolerance 
test. Quart. J. exp. Physiol. 1956, 41, 85. 

. Amatuzio, D. S., Stutzman, F. L., Vanderbilt, M. J., 
and Nesbitt, S. Interpretation of the rapid intra- 
venous glucose tolerance test in normal individuals 
and in mild diabetes mellitus. J. clin. Invest. 1953, 
32, 428. 


48. 


49, 


. Haley, H. B., and Woodbury, J. W. 


. Chesley, L. C., Valenti, C., and Uichanco, L. 


2189 


Ikkos, D., and Luft, R. On the intravenous glucose 
tolerance test. Acta endocr. (Kbh.) 1957, 25, 312. 

Buxton, C. L. Thyroid function in pregnancy. Clin. 
Obstet. Gynec. 1958, 1, 79. 

Altera- 

tions in body fluid compartments and exchangeable 

sodium in the early puerperium. Amer. J. Obstet. 

Gynec. 1959, 77, 1054. 

Body composi- 

tion and body water metabolism in normal preg- 

nancy. Surg. Gynec. Obstet. 1956, 103, 227. 


. Lund, C. J., and Sisson, T. R. C. Blood volume and 


anemia of mother and baby. Amer. J. Obstet. 


Gynec. 1958, 76, 1013. 


53. Davies, J. Permeability of rabbit placenta to glu- 


cose and fructose. Amer. J. Physiol. 1955, 181, 532. 


. Page, E. W. Physiology of the human placenta at 


term. Clin. Obstet. Gynec. 1960, 3, 279. 


. Seitchik, J., and Alper, C. Estimation of changes 


in body composition in normal pregnancy by meas- 
urement of body water. Amer. J. Obstet. Gynec. 
1956, 71, 1165. 


. Welsh, G. W., 3rd, and Sims, E. A. H. The effects 


of pregnancy on glucose metabolism in the human 
(abstract). Acta endocr. (Kbh.) 1960, suppl. 51, 
XIVb. 


, 1] Py 
41 
4 
‘ 4 
50 
= 
44 
46 
47 
| 


IMMUNOLOGICAL SPECIFICITY OF HUMAN INSULIN: APPLICATION 
TO IMMUNOASSAY OF INSULIN 


By ROSALYN S. YALOW ann SOLOMON A. BERSON 


(From the Radioisotope Service, Veterans Administration Hospital, Bronx, N. Y.) 


(Submitted for publication June 15, 1961; accepted August 30, 1961) 


Previous investigations have revealed evidence 
for species-specificity among various mammalian 
insulins in immunologic reactions (1-5). For 
this reason, immunoassay of plasma insulin (6- 
10) in any species generally requires that the in- 
sulin employed in standard solutions be derived 
from the same species. Immunoassay of plasma 
insulin in man has been carried out by comparing 
the effects of unknown plasma samples with those 
of standard solutions of human insulin in their 
ability to inhibit competitively the binding of I**1- 
labeled beef insulin by guinea pig antibodies to 
beef insulin (7-10). Since supplies of human in- 
sulin are relatively scarce, the immunoassay of en- 
dogenous plasma insulin in man would be ex- 
pedited if an animal insulin in more plentiful sup- 
ply could be substituted as a standard for human 
insulin. Insulins from four different ungulate 
species (beef, hog, sheep, horse) have been found 
to react quantitatively with human antiserums to 
beef-pork insulin in a manner that could be cor- 
related (5) with the similarity or dissimilarity of 
the amino acid sequences as elucidated by Harris, 
Sanger and Naughton (11). Of these four insu- 


lins, pork insulin (11) resembles human insulin 
(12) most closely in amino acid sequence, dif- 
fering only in the C-terminal residue of the B 
chain (alanine in pork insulin, threonine in human 


insulin). The other animal insulins differ from 
human insulin also in one or more of the 8 to 10 
positions of the A chain, It seemed worthwhile, 
therefore, to examine various antiserums for simi- 
larity of reaction of pork and human insulin. The 
present communication describes insulin antise- 
rums obtained from guinea pigs immunized with 
crystalline pork insulin that react identically with 
human insulin and pork insulin in respect to the 
competitive inhibition of binding of pork insulin- 
METHODS 


Guinea pigs were injected subcutaneously with approxi- 
mately 5 U of crystalline pork insulin (Lilly, lot no. 


499667) or crystalline beef insulin (Lilly, lot no. 535664) 
emulsified in 0.2 ml mannide monooleate or 10 U of pro- 
tamine zinc beef insulin (Squibb) without adjuvant at 
intervals of 2 to 10 weeks to a total of 4 to 7 doses. 
Approximately 10 ml heparinized blood was taken by 
cardiac puncture about 2 weeks after insulin injections. 
Hypoglycemic reactions were virtually obviated by 
sprinkling table sugar over the chow and by adding glu- 
cose to the drinking water for 24 hours after insulin 
injections. 

Human antiserums to insulin were obtained from in- 
sulin-resistant and nonresistant diabetic subjects treated 
with commercial mixtures of beef-pork insulin. Serums 
were taken at least 24 hours after the last injection of in- 
sulin and allowed to stand at 4° C for at least 8 weeks to 
permit destruction of any residual animal insulin by the 
plasma (10, 13). 

All dilutions of antiserum and insulin were prepared 
in veronal buffer, ionic strength 0.1, pH 8.6, containing 
0.25 per cent human serum albumin, to prevent losses 
of antibody or of insulin by adsorption onto glassware. 
When prepared as described, antiserums could be main- 
tained at dilutions of 1: 200 in the frozen state for many 
months without detectable loss of potency. 

Solutions of beef and pork insulin were made from the 
crystalline preparations maintained in a desiccator at 
4° C since receipt. These had been assayed at 27 to 29 
U per mg. 

For the present study, human insulin solutions were 
made from two different preparations. 1) “Fisher human 
insulin,” a dense powdery preparation, was supplied to us 
in 1958 by Dr. A. M. Fisher, Connaught Laboratories, 
Toronto. This preparation had been assayed at 6.8 U per 
mg in 1956 but was thought possibly to have decreased 
slightly in hormonal potency by 1959. Since several 
crystalline animal insulins obtained from Dr. Fisher 
were estimated at about 22 U per mg, we had tentatively 
assigned a value of 6.0 U per mg to the human insulin, 
based on a reference standard of 22 U per mg for pure 
insulin (10). This material was tested by immunoassay 
in 1959 against a preparation of human insulin, obtained 
from Dr. F. Tietze (through the courtesy of Dr. J. Field, 
NIH), which had recently been assayed in the Lilly Re- 
search Laboratories. The assigned value of 6.0 U per 
mg for the Fisher insulin, referred to a standard of 22 
U per mg for pure insulin, agreed excellently with the re- 
cently standardized Tietze insulin and was therefore ac- 
cepted as indicating an insulin content of 6.0 U per mg/ 
22 U per mg = 27.3 per cent insulin by weight (10). All 
concentrations reported here for this preparation are based 
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GUINEA PIG ANTI- BEEF 


INSULIN SERUMS 


@———-® _ FISHER HUMAN INSULIN 


X BEEF INSULIN 


O—-—-0 PORK INSULIN 


INSULIN 


GP 31625 


BEEF 


GP 41625 


INSULIN CONCENTRATION myg/mi 


Fic. 1. RATIO OF ANTIBODY-BOUND BEEF INSULIN-I™ TO FREE BEEF INSU- 
Lin-I™ (B/F) As A FUNCTION OF CONCENTRATION OF UNLABELED CRYSTAL- 
LINE BEEF INSULIN, CRYSTALLINE PORK INSULIN AND FISHER HUMAN INSULIN. 
In this and subsequent figures the insulin content of the Fisher crude powder 
was estimated to be 27.3 per cent by weight. Antiserum dilutions: GP 49 


on this value. 2) “Cambridge pure human insulin,” a ly- 
ophilized preparation of pure insulin,! was received from 
Dr. Ellis Samols, Royal Free Hospital, London, by 
courtesy of Prof. F. G. Young, Cambridge. 

Insulin-I™ was prepared from crystalline beef or crystal- 
line pork insulin as described previously (10). All in- 
sulin-antiserum mixtures in the same experiment were 
prepared with identical concentrations of I“*-labeled in- 
sulin and antiserum (added last in all cases) but varying 
concentrations of unlabeled insulin as indicated. After 
incubation for 3 to 5 days at 4° C, insulin-antiserum mix- 
tures were applied to strips of Whatman 3 MM paper 
for chromato-electrophoresis as described previously (10, 
13). After 45 to 90 minutes, antibody-bound insulin has 
moved about 3 inches from the site of application (ori- 
gin) whereas unbound (free) insulin remains adsorbed 
to the paper at the origin. After drying, the paper strips 
were assayed for radioactivity in an automatic strip 
counter. Areas under the peaks of free and bound in- 
sulin-I* were determined with a planimeter. 


RESULTS 


Antiserums from guinea pigs immunized with 
beef insulin were tested for their ability to discrim- 
inate between unlabeled beef insulin and Fisher 


1 Purified on cellulose ion-exchange columns by the 
method of Dr. L. F. Smith, Cambridge. 


625, 1: 6,000; GP 31 625 and 41 625, 1: 4,000. 


human insulin competing against beef insulin-I'** 
(Figure 1). All data were obtained in a single 
experiment in which the same solutions of beef 
and human insulin were used for all antiserums. 
It is evident that beef insulin competed more 
strongly than human insulin in all antiserums 
and that the relative activity of beef and human 
insulin varied considerably among the three anti- 
serums. The reaction of pork insulin was inter- 
mediate between that of human insulin and that 
of beef insulin. Depending on the antiserum tested 
and on the insulin concentration, it required from 
about 1.5 to 20 times as high a concentration of hu- 
man insulin as beef insulin to reduce the ratio bound 
beef insulin-I**'/free beef insulin-I’** (B/F) to 
the same value. The results on guinea pig serum 
no. 49 625 were essentially the same (with respect 
to the relative activities of beef and human insulin) 
as those reported previously in another experiment 
with the same antiserum (10). A somewhat 
larger amount of beef insulin-I*** was used in the 
present experiment so that the initial ratio (in the 
absence of added unlabeled insulin) is slightly be- 
low that obtained previously. 
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GUINEA PIG ANTI-BEEF INSULIN SERUM 
TRACER BEEF INSULIN —-]!3! 


Human Insulj 


n 
x !ncubateg 9° 


Human insulin c 


'Ncubat 
Beef Insulin incubated 4° c 


Beef Insulin Incuboted 37°C 


T T T T T T T T 


20 40 60 80 
INSULIN CONCENTRATION — myg/mi 


c 


Fic. 2, SAME AS Ficure 1. GP antiserum 10 328, dilution 1: 80. 


To evaluate the influence of temperature on the rums (14), there was no striking difference in 
difference in reactivities of beef and human insulin, the relative reactivities of the two insulins at the 
.. other guinea pig antibeef insulin serum was two temperatures. 
s.udied in a separate experiment by incubation at Antiserums from human subjects treated with 
4° and 37° C (Figure 2). Although the B/F commercial mixtures of beef-pork insulin were 


ratio at all concentrations was higher at 4° than at studied in a similar manner (Figure 3). Again, 
37° C, as reported previously for human antise- all curves are from a single experiment in which 
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SAME As Ficure 1. Antiserum dilutions: Le, 1:60; Ge, 1: 400; 
re, 1:5. 
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the same insulin solutions were employed for all 
antiserums. It is evident that human antiserums 
may discriminate even more markedly than guinea 
pig antiserums between beef and Fisher human 
insulin. The relative reactivities of beef and hu- 
man insulin, respectively, varied from about 3 to 
200 depending on the antiserum tested and the in- 
sulin concentration employed. Pork insulin re- 
acted somewhat more weakly than beef insulin but 
more strongly than human insulin in these anti- 
serums. 


HUMAN ANTI-BEEF, PORK 


INSULIN  SERUMS 


z 
- 
2 
z 


BEEF 


8 


INSULIN 
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In Figure 4 are shown results of similar stud- 
ies in three guinea pig and three human antiserums 
in which the effects of beef insulin and the Cam- 
bridge pure human insulin are compared weight 
for weight in a single experiment. The same in- 
sulin solutions were employed for all antiserums. 
Results are similar to those of preceding experi- 
ments. In individual antiserums, the ratio between 
beef and human insulin concentrations required 
to reduce B/F to the same value varied over as 
much as a fivefold range at different B/F values. 
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CAMBRIDGE 
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‘ic. 4. B/F RATIOS FOR BEEF INSULIN-I™ AS A FUNCTION OF CONCENTRATION OF CAMBRIDGE HUMAN INSULIN AND 


CRYSTALLINE BEEF INSULIN. 
47 625, 1: 1,000. 
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GUINEA PIG ANTI- 
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Fic. 5. 
CRYSTALLINE PORK INSULIN. 


In contrast to results obtained with beef insu- 
lin-’** in beef insulin-immunized guinea pigs, 
antiserums from guinea pigs immunized with pork 
insulin generally discriminated less readily be- 
tween pork insulin and Fisher human insulin 
when tested against pork insulin-I’** (Figure 5). 
Two particular antiserums (GP no. 56 228 and 
GP no. 53 417) showed curves identical with 
pork insulin and Fisher human insulin. 

In Figure 6 is presented a comparison of pork 
insulin and Cambridge pure human insulin, weight 
for weight, and Fisher human insulin estimated as 
27.3 per cent insulin as calculated above, all com- 
peting against pork insulin-I**' in guinea pig anti- 


CONCENTRATION - 


¥ 
2 


3 4 
myg/ml 
B/F RATIOS FOR PORK INSULIN-I™ AS A FUNCTION OF CONCENTRATION OF FISHER HUMAN INSULIN AND 
Antiserum dilutions: 56 228, 1: 2,000; 53 840, 1: 8,000; 56 417, 1: 10,000; 75 228, 1: 1,500; 
75 417, 1: 10,000; 53 417, 1: 60,000. 


pork insulin serum no. 53 417, earlier (Figure 5) 
shown to exhibit identical behavior toward pork 
and Fisher human insulin. It is evident that the 
Fisher insulin, estimated at 27.3 per cent insulin 
by weight, the Cambridge pure insulin and the 
pork insulin all react identically and that this 
guinea pig antiserum does not distinguish among 
the two samples of human insulin and the sample 
of pork insulin. The results of the Fisher-Cam- 
bridge insulin comparison confirm results re- 
cently obtained by Dr. Ellis Samols, London, who 
found the Fisher crude powder “consistently 
equivalent to 25 to 30 per cent Cambridge insulin 


by weight” (15). 
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Fic. 6. B/F RATIOS FOR PORK INSULIN-I™ As A FUNC- 
TION OF CONCENTRATION OF FISHER HUMAN INSULIN, 
CAMBRIDGE HUMAN INSULIN AND CRYSTALLINE PORK IN- 
SULIN. Antiserum dilution, 1: 30,000. 


DISCUSSION 

Recently, Grodsky and Forsham (16), employ- 
ing a single beef-pork insulin antiserum from an 
insulin-resistant human subject as well as guinea 
pig antiserum to beef insulin, have tested various 
preparations of beef and human insulin (each at 
only two concentrations) for their ability to in- 
hibit the binding of beef insulin-['** to insulin 
antibodies. Their reported observations reveal 
that although a preparation of beef insulin as- 
sayed about 25 per cent higher in the human anti- 
serum than in the guinea pig antiserum, all four 
preparations of human insulin assayed considerably 
lower in human antiserum than in guinea pig anti- 
serum, using the same crystalline beef insulin as 
a reference standard for all assays. For one of the 
human insulin preparations, the assay in guinea 
pig antiserum was almost 300 per cent as high as 
in human antiserum, and for the other three prepa- 
rations the human insulin assayed about 25 to 65 
per cent higher in guinea pig than in human anti- 
serum, as estimated from the published figure. 
Yet, it was concluded that “agreement between the 
immunoassay values for human insulin against 
beef insulin standards when either guinea pig or 
human antiserum was used was demonstrable.” 
It is difficult to reconcile the authors’ conclusion 
that human insulin and beef insulin react similarly 
in guinea pig and human insulin antiserums with 
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the results of their studies on a single human anti- 
serum which clearly dispute such a conclusion. 
“Agreement” of the order of magnitude reported 
hardly refutes our previous contention that beef 
insulin cannot be used indiscriminately as a stand- 
ard for human insulin in immunologic systems 
(10). The more extensive data of the present 
study confirm previous observations that human 
insulin generally competes less strongly than beef 
insulin against the binding of beef I'*!-insulin in 
antiserums from human subjects or from guinea 
pigs immunized with beef insulin and that the 
relative reactivities of human and beef insulin may 
vary widely among different antiserums. Further- 
more, Burrows, Peters and Lowell (4) have re- 
ported on two human antiserums in which human 
insulin produced either no effect or only very 
slight effect on the binding of beef insulin-I'*'. 
Earlier, Lowell (2) had reported that administra- 
tion of human insulin to an insulin-resistant pa- 
tient was effective in lowering blood sugar 
although beef insulin in the same dosage was com- 
pletely ineffective, and Lerman (17) had em- 
phasized that insulin antibodies in insulin-re- 
sistant human subjects are weakest when tested 
against human insulin. More recently we have di- 
rectly compared human insulin binding (employ- 
ing human insulin-[?** with unlabeled human in- 
sulin) and beef insulin binding (employing beef 
insulin-I*** with unlabeled beef insulin) in eight 
human antiserums (18). Weaker binding of hu- 
man insulin than of beef insulin was observed in 
almost all cases. It is only to be expected that 
the cross reaction of unlabeled human insulin with 
I*81-labeled beef insulin would be still weaker. 
The evidence of previous studies and that of the 
experiments reported here clearly refute the no- 
tion that beef and human insulin react similarly 
with human antibeef-pork insulin serums or with 
guinea pig antibeef insulin serums. 

Grodsky and Forsham (16) also studied the 
Fisher preparation of human insulin, which they 
report as having been recently assayed in the 
Lilly Research Laboratories at 4.08 U per mg.’ 
Applying this new assay to a figure previously 
published by the present authors, Grodsky and 
Forsham concluded 7) that the beef insulin and 
human insulin curves could be superimposed and 


2 Based on a reference standard of 27 to 29 U per mg. 
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therefore that these two insulins reacted identi- 
cally against beef insulin-I'** in guinea pig anti- 
beef insulin antiserums, and 2) that the propor- 
tionality between beef and human insulin in the 
original data “varied only from 0.45 to 0.55 re- 
gardless of-the point chosen along the curves for 
the calculations.” However, as is evident from 
the reproduced figure in their paper as well as 
from the original data, this statement is inac- 
curate, since the proportionality factor ranged 
from about 0.3 to 0.6. It might also be noted 
that the original figure showed values for the 
Tietze insulin falling along the same curve as the 
Fisher insulin, but the former were omitted from 
the reproduced figure. A repeat experiment with 
the same antiserum (GP no. 49 625), presented in 
the current study (Figure 3), completely confirms 
the previously reported results. Thus, the same 
human insulin solution, if assayed at different 
dilutions with reference to the beef insulin curve, 
would have yielded estimates differing by almost 
100 per cent in the antiserum reported. The re- 
sults of the present study confirm and extend pre- 
vious observations that the relative reactivities of 
human and beef insulin may vary over a range 
considerably greater than 100 per cent and even 
as great as 500 per cent at different concentrations 
in the same antiserum. It is evident from Figures 
1-4 that no single correction factor for the Fisher 
human insulin concentration could possibly super- 
impose the curves for human and beef insulin in all 
antiserums. 

If the Fisher insulin were significantly lower 
in insulin content than previously estimated, the 
findings of the present study would require the 
interpretation that human insulin reacts more 
strongly than pork insulin with guinea pig anti- 
bodies to pork insulin in competing with pork in- 
sulin-I’**, This is a most unlikely result. It is 
quite possible that there has been a greater loss 
of hormonal potency in the Fisher insulin than 
previously estimated,* particularly since a longer 


8 This loss, if it does occur, need not be the same in all 
hands. Our supplies have been kept in a desiccator at 
4°C since receipt in July 1959 and no diminution in im- 
munologic reactivity has been observed to date. Among 
other factors, simple deliquescence can account for a sig- 
nificant increase in weight, thereby decreasing the po- 
tency (hormonal or immunologic) per unit weight. Fur- 
thermore, crystalline beef insulin (lot no. 535664), re- 
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period of time has elapsed. Nevertheless, the en- 
tire insulin molecule certainly did not disappear 
from the powder and that part of its structure re- 
sponsible for immunologic activity could remain 
essentially intact even if hormonal activity were 
abolished. Desoctapeptide beef insulin (lacking 
8 amino acids from the C-terminal end of the B 
chain) is completely inactive hormonally (19) and 
yet reacts in the immunologic system (20). 
Therefore, loss of hormonal potency, if it has oc- 
curred, cannot necessarily be considered equivalent 
to a diminution in immunologic potency. By im- 
munoassay, the Fisher insulin can certainly not be 
considered significantly weaker than originally 
estimated by us, if consideration is given to the 
comparisons with the Cambridge pure insulin and 
the crystalline pork insulin. The identity of reac- 
tion of Fisher insulin (on the basis of its previ- 
ously assigned value) and Cambridge insulin (15, 
and present study), and the identity of reaction of 
Fisher human insulin and pork insulin in certain 
guinea pig antipork insulin serums indicate that 
the immunologically active insulin content of the 
Fisher preparation has remained essentially un- 
changed as estimated on the basis of its original 
assay of hormonal activity. It should be appreci- 
ated that unless the water content of dried insulin 
powders is determined precisely, an uncertainty 
of about 10 per cent must always exist regardless 
of the method of assay. 

On the basis of the amino acid sequences of the 
various mammalian insulins (11, 12), it might be 
anticipated that human insulin would show a closer 
immunologic relationship to pork insulin than to 
other animal insulins which differ from human 
insulin at two sites. Previous studies had sug- 
gested that the 8 to 10 sequence of the insulin A 
chain is an important site of reaction with anti- 
bodies in the serums of human subjects immunized 
with beef-pork insulin mixtures (5). Even if 
pork insulin itself were not antigenic, the reac- 
tion of pork insulin at this site could be interpreted 
in the same light as the reaction of human insu- 
lin (5), namely, that antibody once formed in re- 
sponse to sensitization with an insulin distinctly 
foreign in structure at a small site can then react 
with other insulins differing slightly at this site. 


ceived by us in 1955, has also been used by many other 
workers who have relied on the original assay. 
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However, aside from differences in amino acid 
sequences, the various insulins might well exhibit 
differences in secondary or tertiary structure as 
well, a suggestion supported by distinct immuno- 
chemical differences between sperm whale and 
pork insulin (21), which are reported as identical 
in amino acid sequences (11,22). Since the struc- 
ture of guinea pig insulin has not yet been eluci- 
dated, it is not possible to speculate on the po- 
tentially antigenic sites of beef and pork insulin 
in this species. The very close similarity (or 
identity) of reaction of pork and human insulin 
with guinea pig antibodies against pork insulin 
suggests that the C-terminal end of the B chain 
might not be antigenic. That there is at least one 
other antigenic site is deducible from observations 
that desoctapeptide beef insulin reacts with guinea 
pig antipork insulin serums (23). However, an 
additional contribution of the C-terminal residue 
of the B chain to antigenicity of pork insulin can 
certainly not be excluded. Furthermore, the 
similarity of pork and human insulin does not ex- 
tend to the reaction against beef insulin-I'*! (or 
even against pork insulin-I**') in beef insulin-im- 
munized guinea pigs or humans (5). Since beef 
and pork insulin contain the same C-terminal 
amino acid in the B chain, no differences in anti- 
genicity of this group can be expected and we must 
again postulate structural differences beyond those 
of specific amino acid sequence to account for all 
findings. In any event, these theoretical specula- 
tions are outside the practical purpose of the pres- 
ent study, namely, the procurement of antiserums 
suitable for immunoassay of endogenous plasma 
insulin in man under conditions that dispense with 
the need for human insulin. 


SUMMARY AND CONCLUSIONS 


1, Previous observations of variable and occa- 
sionally marked differences in reaction of beef in- 
sulin and human insulin competing with beef in- 
sulin-I'*' in human antibeef-pork insulin serums 
and in guinea pig antibeef insulin serums are con- 
firmed and extended. 

2. Antiserums from guinea pigs immunized with 
pork insulin exhibit close similarity of reaction 
with pork and human insulin. In two antiserums, 
pork and human insulin reacted identically when 
competing against the antibody-binding of pork 
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insulin-I**'. Employment of these antiserums for 
the immunoassay of endogenous plasma insulin 
in man obviates the necessity for employment of 
human insulin as a standard. 

3. Human insulin (Fisher), previously esti- 
mated at 27.3 per cent insulin by weight, was as- 
sayed against pure human insulin (Cambridge) 
as standard. Present results confirm the accur- 
acy of the previous estimate for immunologically 
active insulin content of the Fisher preparation. 
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Although it is increasingly recognized that many 
rare recessive genes have effects in the heterozy- 
gous state which can be detected by suitable labora- 
tory tests, with the implication that such genes 
may make a significant contribution to subclinical 
departures from health, there is a real paucity of 
knowledge concerning the actual distribution in 
populations of such heterozygotes. Until now it 
has not been possible to study the distribution of 
heterozygotes for a rare “recessive” gene with a 
simple, quick, and accurate method suitable for 
survey purposes, It will be the object of this pa- 
per to describe such a method for detecting the 
heterozygous carriers of a particular rare “reces- 
sive” gene. Survey data will be presented indicat- 
ing significant local variations in gene frequency. 
The implications of such variations for certain 
basic genetic problems will be briefly explored. 
The trait in question is acatalasemia, a reces- 
sively inherited condition characterized by the ab- 
sence of detectable tissue catalase activity (1). 
Heterozygotes for this gene have been shown to 
exhibit approximately half-normal values of cata- 
lase activity (2). Ina previous paper, it was noted 
that the application of standard genetic formulae 
led to an estimate of 0.003 for q, the frequency of 
the gene responsible for the trait, from which the 
frequency of homozygotes was calculated to be 
0.00002, and of heterozygotes, 0.006; ie, 2 and 
600 per 100,000 Japanese, respectively (3). The 
many assumptions which went into these calcula- 
tions were discussed briefly, with the statement 
that in general the computations were of such a 
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National Institute of Health of the Japanese Ministry of 
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nature as to result in inflated estimates of the 
gene frequency, and it was pointed out that the 
true gene frequency might well be of the order of 
0.0015. It is now possible to pursue this point 
further. 


METHODS OF STUDY 


A. Composition of the population sample 


Screening for hypocatalasemia was performed on blood 
samples received in the Clinical Laboratories of the 
Atomic Bomb Casualty Commission (ABCC) in Hiro- 
shima and Nagasaki. Bloods were derived from three 
sources: 1) radiation-exposed and nonexposed individuals, 
who are voluntarily participating in the ABCC Adult 
Health Study 1 (4); 2) children seen in the Child Health 
Study at ABCC (5); and 3) “referrals” of blood speci- 
mens to the ABCC by local practitioners, where blood 
only was received with a request for laboratory deter- 
minations. The third group constituted less than 5 per 
cent of the total number of specimens examined; as far 
as is known, catalase abnormalities never formed the 
basis for referral. Between 30 and 60 samples were 
screened daily in Hiroshima and approximately one-third 
that number in Nagasaki over a period of about 15 
months. No attempt was made at a rigorous exclusion 
of related individuals, but from the method of selection, 
it seems unlikely that related individuals (parent-off- 
spring or sibling pairs) constituted more than 15 per cent 
of the sample. Blood specimens that were positive to 
the screening test were subjected to the more precise as- 
say for erythrocyte catalase activity, as described below. 


B. Assay methods 


1. Screening method. Two ml of blood was transferred 
to 20 ml of tap water, with care taken to wipe the out- 
side of the pipet and flush it with the diluent. After 
gentle mixing, 1 ml of this solution was immediately 
pipetted into 5.0 ml of 0.01 N hydrogen peroxide in 0.01 
M phosphate buffer, pH 6.8. After exactly 60 seconds, 
2 ml of 2 N sulfuric acid was added, followed by 7 ml of 


1 Since it has been found that there is no difference be- 
tween erythrocyte catalase activity among exposed and 
nonexposed individuals, possible radiation effects need not 
be considered (3). 
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0.005 M potassium permanganate. The latter solution 
may be added to a row of tubes at any convenient time 
after addition of the acid. If a pink color persists after 
addition of the permanganate, catalase is present; if the 
solution remains colorless, catalase is either absent or in 
low concentration, provided the hemoglobin is within 
normal limits. 

This test is based on two premises: 1) That a given 
amount of catalase, in a given time interval, decomposes 
a fixed amount of hydrogen peroxide, the amount re- 
maining in effect being measured by titration with per- 
manganate. The concentration of permanganate chosen 
was such that only individuals with catalase activity less 
than 3 standard deviations below the mean catalase ac- 
tivity of a control population would show a positive reac- 
tion. 2) This in turn is based on the assumption that the 
hemoglobin in the blood sample is within normal limits, 
since it has been shown that there is a linear relation- 
ship between erythrocyte catalase activity and hemo- 
globin concentration (3). 

Thus, false positive results are to be expected in those 
instances where the hemoglobin concentration is low. 
Because this is primarily a screening test, adjusting the 
hemoglobin concentration has of necessity been omitted, 
but the test has been designed so that in the majority of 
instances only blood samples with a hemoglobin of less 
than 7.5 g per cent will give a false positive result. 
However, since hypocatalasemia is not necessarily ruled 
out in the presence of anemia, a precise assay for cata- 
lase activity must be performed whenever the screening 
test is positive. 

In this study it was customary to withdraw the 2-ml 
sample from a tube of heparinized or citrated venous blood. 
However, the method is equally applicable to fresh blood, 
drawn from a finger or earlobe prick into a hemoglobin 
pipet and immediately dilute? with tap water as described. 
Further, if it is inconvenient to carry all the reagents 
into the field, a heparinized pipet may be used, and the 
blood transported to the laboratory for the screening 
test. However, care should be taken to avoid unduly long 
intervals between obtaining the blood and screening, un- 
less the sample is refrigerated. Further, the latter method 
suffers from the disadvantage that in the’ tase of positive 
results, where the precise assay becomes necessary, a 
second sample of blood must be obtained at a later time. 

2. Assay for erythrocyte catalase activity. The method 
for determining erythrocyte catalase activity (Keat ac- 
tivity) has already been described (3). A_ preliminary 
attempt was made to determine the frequency with which 
false positive (positive screen with normal Kear) and 
false negative results (negative screen with low Kes-) 
occurred. In a series of 120 “blind” tests, in which both 
the screening and Kear assay were performed on indi- 
vidual samples, there were no instances of false negative 
results, but false positive results did occur, either be- 
cause of a low hemoglobin level, as discussed above, or 
a combination of a K.,; value at the lower limit of nor- 
mal and a somewhat lowered hemoglobin level. In the 
total survey series, about 1 per cent of the screening 


TABLE I 


The frequency of hypocatalasemia in 
six different surveys 


No. Frequency 
hypo- hypo- 
No. catal- _catalase- 
Population Survey examined asemic mia 


Hiroshima Present study 10,679 10* 0.000936 
Japanese 

Nagasaki Present study 2,968 1 0.000337 
Japanese 

Okayama Reference 7 $ 0.000000 
Japanese 

Nagano Reference 7 0.015190 
Japanese 

Shimane Reference 7 0.009709 
Japanese 


Okayama Reference 7 0.009032 
Koreans 


* Includes one mother-daughter pair. 
t Includes one pair of siblings. 


tests gave false positive results. It would thus appear 
that in surveying a large population, false positive re- 
sults can be minimized by determination of the hemo- 
globin values and performance of the Keat assay, whereas 
false negative results (e.g., missed hypocatalasemics ) ap- 
parently occur rarely, if at all. 


C. Family studies 


In all instances in which a positive screening test fol- 
lowed by a Keat assay revealed the presence of a hypo- 
catalasemic individual, a second sample of fresh blood 
was obtained at a later date and Keat activity redeter- 
mined. In every case, the second result confirmed the 
first. At this second visit, a careful pedigree was ob- 
tained from the proband; subsequently, blood samples 
were obtained from as many other members of the fam- 
ily as pessible. In this way, individuals from 10 families 
were studied in detail with respect to Keat values. 


RESULTS 


Table I summarizes the survey findings in 
Hiroshima and Nagasaki. The probability of as 
great or a greater difference between the two cit- 
ies if the expectation for both is the same, as evalu- 
ated by the exact method for 2 x 2 tables (6), is 
0.28, clearly nonsignificant. Figure 1 and Table 
II present the data obtained in studies on the 
kindreds of the 11 hypocatalasemic subjects en- 
countered in the course of the survey. The col- 
umn labeled “pedigree position’? refers to the 
position of each individual in the pedigrees of the 
10 kindreds concerned, as shown in Figure 1.° 


2 Although 11 hypocatalasemics were encountered, 2 
were related as mother and daughter, so that only 10 
kindreds were represented. 
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PEDIGREES OF FAMILIES WITH CARRIERS (HYPOCATALASEMICS) FOR ACATALASEMIA 


Male Sex not recorded Normal 


Examined Hypocatalasemic 


O Female N Deceased Aca talatenic Proband 


Fic. 1. THE RESULTS OF FAMILY STUDIES ON INDIVIDUALS FOUND TO HAVE HYPOCATALASEMIA 
IN THE COURSE OF THIS SURVEY. 
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In every kindred studied except one, other mem- 
bers of the kindred were found to be carriers; in 
this exceptional kindred, only a single parent and 
one sibling were available for study. 

Means, ranges, and standard deviations of Keat 
values for normal and hypocatalasemic subjects 
in this study are compared in Table III with those 
previously reported (3). In the previous study, 
a significant difference was noted between the 
mean for normal control determinations performed 
on subjects being studied at the ABCC and the 
mean for presumed normal subjects in families 
with acatalasemic members. This was attributed 
to the fact that it was often necessary to store the 
specimens from the latter group for several days 
before it was feasible to perform catalase deter- 
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minations, presumably with some loss of catalase 
activity. In the present study, in which it was 
possible to perform the determinations almost im- 
mediately after the blood was drawn, the normal 
values correspond very well with ABCC clinic 
control values, thus corroborating the suggestion 
of loss of catalase activity with storage. 

The present data confirm in all respects the pre- 
viously advanced hypothesis that hypocatalasemia 
and acatalasemia are related as heterozygote and 
homozygote and, further, demonstrate that the 
present screening technique is highly efficient in 
the recognition of hypocatalasemia. Japanese in- 
vestigators are now conducting surveys at widely 
scattered points in Japan. The most advanced of 
these surveys are those of Takahara (7), some of 


TABLE II 


Kear values for members of kindreds in which hypocatalasemia occurs 


Pedigree 


Family position 


Pedigree 


Family position 


1 
1 
-2 
3 
+ 
1 
2 
3 
4 
5 
6 
-7 
-8 
9 


ww 


56 
60 
33 


YN 


~ 
* 


Unb 


* 


NU 


CNAME 


* Proband. 


} The two probands, II-2 and III-6, of kindred UC were ascertained independently of each other. 
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Sex Age Keat Sex Age Kent 

I 76 2.64 1-1 F 42 

i II M 54 5.75 11-2 M 45 ok 
1] F 50 2.32 GO 111-1 M 10 
F 53 2.22 111-2 M 16 
II M 55 5.10 M 19 
F 22 5.26 
Z III M 12 2.44 I F 61 2 

HA 14 5.55 I M 66 3 

2 I M 15 4.47 II M 25 1 

= iI M 21 2.49 TA (I F 26 5 

ey I] M 25 2.08 [1 M 29 5 

Il F 27 2.53 iI F 38 2 

M 28 2.12* M 5 2 

F 29 2.23 I\ F 8 2 
IV-1 M 2 2.36 
IV-2 F 3 4.40 II- 

IV-3 M 5 5.55 

SH 

F 44 2.14* III- 

— 1-2 M 49 6.28 Le 
KO F 7 5.66 
111-2 M 10 2.92 F 38 5.30 

MK 111-3 M 12 5.71 1 F 46 2.73* a 
F 26 2.93 M 22 4.88 
M 19 5.11 
F 67 5.30 M 12 5.16 

MI F 40 5.11 UCt F 17 5.15 

F 25 135° F 14 6.33 

III- F 26 2.66* 

2 1-1 F 32 5 III- F 22 2.72 

[1-2 M 41 . M 21 2.57 

AN F 11 111-9 M 19 2.98 

111-2 M 10 111-10 F 16 4.80 

111-3 M 8 

M 63 2.21 
80 11-2 F 59 5.07 
TE F OK M 35 2.37* 
1-2 M 11-2 F 30 5.33 
M = IV-1 M 8 2.96 
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TABLE III 


A comparison of Kear values in control individuals and in 
members of kindreds segregating for hypocatalasemia 
and acatalasemia 


Keat values 


Source and type of patient Mean SD Range 


ABCC Clinic control 3.90 — 7.47 
Non-acatalasemic members of 
kindreds segregating for 
acatalasemia (Reference 3): 


3.96 — 6.47 
1.48 — 2.87 


Normal 
Hypocatalasemic 


Kindreds found to be segregating 
for hypocatalasemia (present 
study): 


3.92 — 6.28 
1.94 — 2.98 


Normal 
Hypocatalasemic 


the results of which have been reproduced in Table 
I. He has studied three areas, namely, Okayama, 
a city of some 236,000 individuals situated on the 
island of Honshu, facing the Inland Sea, and two 
semi-mountainous regions of central and western 
Honshu, located in Nagano and Shimane prefec- 
tures, respectively, where several sibships with aca- 
talasemic members have been encountered. The 
figures for Okayama Japanese (college students, 
740; patients attending an otology clinic, 419; and 
randomly selected adults, 341) are in satisfactory 
agreement with those for Hiroshima and Nagasaki. 
The figures for Nagano and Shimane are based 
on surveys of primary school children from the 
first through the sixth grades. The sample un- 
doubtedly includes some sibling pairs. Further- 
more, consanguinity rates are relatively high in 
Nagano; Kubota and others (8) reported total 
values for different localities ranging from 9 to 28 
per cent. Although consanguinity rates for Shi- 
mane have not been established, on the basis of 
reports for other widely separated rural areas in 
Japan (Summary in Reference 9), it is probably 
safe to assume that the frequency of consanguine- 
ous marriages corresponds to that of other simi- 
lar sections of the country. 
likely that there is a significantly greater propor- 
tion of related individuals in these two samples 
than in those for the three cities studied thus far. 
These facts raise some theoretical difficulties in 
the interpretation of the usual tests for the sig- 
nificance of frequency differences, since a single 
extended kindred might be contributing most of 
the affected individuals in Nagano or Shimane. 
The probability of observing a difference equal to 


Thus, it seems quite’ 
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or exceeding that between the combined obser- 
vations in Hiroshima and Nagasaki and those in 
Nagano and Shimane (if the expectation for the 
areas concerned were the same and all observations 
independent) as computed by any one of several 
methods, is very low—well beyond the usual sig- 
nificance levels. While allowance for the possible 
biological relatedness of some of the individuals 
in the sample would reduce to some degree the ap- 
parent significance of the differences, it could 
scarcely eliminate them. In round terms, the fre- 
quency of carriers in the Nagano and Shimane 
areas is some 10 to 15 times that in Hiroshima 
and Nagasaki. 

The preliminary findings in persons of Korean 
descent residing in Okayama, also summarized in 
Table I, are especially interesting. This group, 
composed of schoolboys from four different dis- 
tricts in Okayama, was surveyed after acatalasemia 
was recently encountered in three Korean siblings 
in Tokyo (10). Ina previous publication (3) it 
was argued, from the widespread distribution 
throughout Japan of the relatively few sibships 
with acatalasemic members, that the responsible 
gene was one of considerable antiquity. The dem- 
onstration of the gene in Koreans can be regarded 
as reinforcement for that suggestion, since the 
principal route by which the Japanese reached their 
islands appears to have been by way of Korea 
(11-15), and it seems more likely, in view of the 
history of Japanese-Korean relationships, that the 
gene was introduced into Japan by way of Korea 
than that recent Japanese-Korean contacts have 
resulted in the introduction of the gene into Korea. 
On the other hand, the possibility of multiple in- 
dependent origins of the gene, in both Korea 
and Japan, cannot be completely disregarded. 


DISCUSSION 


Clearly there are significant local variations in 
Japan in the frequency of heterozygotes for the 
acatalasemia gene. The concept suggested by 
these data, of “pockets” wherein certain rare and 
“pathological” recessive genes are represented by 
unusually high frequencies, is of course not new 
(16), but previously the means of directly verify- 
ing and quantitating this concept have not been at 
hand. This demonstration has important impli- 
cations for the use of certain genetic formulae, 


: 
55 4.97 0.61 
31 2.17 0.35 
31 5.30 0.53 
37. 2.51 0.27 
1 
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which are discussed below. In a previous publi- 
cation, the frequency in Japan of carriers of the 
gene for acatalasemia was estimated at 0.006 (3). 
This estimate was based on a formula derived by 
Dahlberg (17), namely, 


fa c(i—k) 
[1] 


with the frequency of heterozygotes then calcu- 
lated from the relationship, 


heterozygotes = 2g(1—qg)(1—a) [2] 


where g = the frequency of the recessive gene re- 
sponsible for acatalasemia; c = the proportion of 
first-cousin marriages among the population as a 
whole, assumed from previous studies in Japan 
to be 0.06 (18, 19); & =the proportion of first- 
cousin marriages among the parents of homozy- 
gous individuals, assumed from the data on 17 
sibships to be 0.59 (3) ; and a = the coefficient of 
inbreeding for the population, assumed from previ- 
ous studies to be 0.004 (18). 

Kimura (20) has now provided a more gen- 
eral, maximum likelihood-type formula, which has 
the advantage of utilizing for the estimate all the 
data available concerning consanguinity in the 
parents of affected individuals. Kimura has also 
derived the formula for the variance of the esti- 
mate, which was not available for Dahlberg’s ap- 
proach. With this method, substituting values 
to be found in our previous paper, the gene fre- 
quency is estimated at 0.00082, with a standard 
error of 0.0053. Thus, within the range of 1 
standard error above and below the estimated gene 
frequency are to be found values from zero to 
0.0061, the latter corresponding to a carrier fre- 
quency of 0.0121. The estimate has so large an 
error as to encompass the value obtained with the 
Dzhlberg ecuation and also both the observed 
Nagasaki-Hiroshima and the Nagano-Shimane 
values, even though these latter two values differ 
significantly from each other. Although, with 
only 17 sibships on which to base the gene fre- 
quency estimate, a large error was to be expected, 
the actual magnitude of this error is sobering. It 
is clear that many more data must be collected be- 
fore it will be possible to test with any precision 
the degree to which the gene frequencies predicted 
for various regions in Japan and the total area 
will depart from the frequencies which can be 


determined by suitable surveys. At a first ap- 
proximation, it would appear that at least 100 ad- 
ditional sibships in which acatalasemia is segre- 
gating will be necessary to refine the gene fre- 
quency estimate to the point where comparisons 
between observation and expectation become 
meaningful. 

The importance of estimating the frequency of 
the carriers of a variety of recessive genes is such 
that a considerable expenditure of effort in pursu- 
ing this favorable test situation would be war- 
ranted if it promised to yield a critical evaluation 
of the usefulness of Dahlberg’s and Kimura’s 
formulae. However, there is now reason to sus- 
pect that human populations depart from the 
mathematical models on which the formulae are 
based to an extent which renders a close corre- 
spondence between prediction and observation un- 
likely. The formulae are based on certain rather 
sweeping assumptions. Although geneticists have 
recognized for some years that these assumptions 
involve oversimplifications of highly complex situ- 
ations (Discussion in 3, 17, 18, 21, 22), the use 
of the formulae was nevertheless justified be- 
cause, in the case of rare recessive traits, it re- 
sulted in an approximation to a figure usually not 
otherwise available. These assumptions state that : 

1) There is a uniform gene frequency through- 
out the total area under consideration, an assump- 
tion whose incorrectness in the case of acatalasemia 
has already been demonstrated by graphic evi- 
dence. 

2) The population is in genetic equilibrium; 
i.e., the balance between mutation, selection, and 
population structure is such that the gene fre- 
quency has stabilized. 

3) The population constitutes one interbreeding 
unit. Patently, two individuals, one from Hok- 
kaido and one from Kyushu, have much less op- 
portunity of marrying than a pair from Honshu, 
but migration between the hierarchy of “isolates” 
(or neighborhoods) within “isolates” which com- 
prise a population is assumed to occur at a rate 
sufficient to result in a satisfactory approximation 
to the model. 

4) The disease is genetically homogeneous; i.e., 
all affected individuals result from mutation at the 
same locus, again an assumption that seems un- 
true for acatalasemia (3 and unpublished obser- 
vations). 
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It is clear that we are not yet in a position to 
judge just how far human populations depart from 
assumptions 2, 3, and 4, or the manner in which 
these departures influence mathematical predic- 
tion. There are indications, however, that the 
departures may be very considerable. On the 
other hand, the data of this paper, plus the findings 
of Takahara, do give us rather graphic insight 
into the departures which may exist from assump- 
tion 1. It is clear that these departures may be 
of such magnitude as to have important implica- 
tions for the use of these specific formulae and for 
the manner in which data on consanguinity ef- 
fects are utilized for a variety of genetic calcula- 
tions. Out of a multitude of possible illustrative 
models, two simple alternatives suggested by the 
present survey data may be considered. These 
alternatives are certainly abstractions in that, 
while they represent a step toward biological 
realities, they are still gross oversimplifications. 
Without these oversimplifications, however, the 
principal point could be buried in a mass of mathe- 
matical detail. Let us assume that in a group of 
10,000 individuals there occurs a completely neu- 
tral and completely recessive gene. This gene is 
limited to three extended kindreds, in each of 
which 10 (heterozygous) members possess it. 
This group moves into a new and favorable geo- 
graphical area. Circumstances are such that this 
group immediately becomes subdivided into three 
subgroups (“neighborhoods”) comprising, respec- 
tively, 10, 20, and 70 per cent of the population, 
with differing rates of inbreeding and with no ex- 
change of members. It may be assumed that at 
the time such a group first moves into an area and 
distributes itself to occupy the desirable portions 
of the new territory, biologically related individu- 
als (kindreds) will tend to remain together. We 
will postulate that in the smallest group, 10 per 
cent of all marriages involve first cousins (c = 
0.10), while in the intermediate group the fre- 
quency of first-cousin marriage is 5 per cent, and 
in the largest group, 1 per cent. In time, all sub- 
groups undergo a 100-fold increase in numbers, 
so that the total population becomes 1,000,000, 
with gene carriers increasing proportionately. 
No further mutations resulting in this particular 
gene occur, and there is assumed to be no genetic 
drift. 

Let us now explore the consequences for the 
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application of Dahlberg’s formula of the location 
of the three kindreds carrying the hypothetical 
gene. We use Dahlberg’s racher than Kimura’s 
formula only because of the mathematical sim- 
plicity of the former. In model 1, it is assumed 
that one of these kindreds finds a place in each 
of the three “neighborhoods.” In model 2, it is 
assumed that all three kindreds come to reside 
in the largest “neighborhood.” The differences 
which these accidents of distribution can intro- 
duce into estimates of g as calculated from the 
over-all average of ¢ and k are shown in Table IV. 
For each of the subpopulations, k has been de- 
rived by substitution of the given values of g and 
c into Formula 1. Then, as would be the case 
in most attempts to calculate gene frequencies, an 
average value of c and k for the entire population 
has been obtained. It is apparent that the esti- 
mates of q for the total population resulting from 
substitution of the average value of ¢ and k in 
Formula 1 differ for the two models by a factor 
of 5. 

Although this particular example is undoubtedly 
somewhat extreme in the disparate degree of in- 
breeding in the subpopulations, as well as in the 
rarity of the gene concerned, and in the simplify- 
ing assumptions which are made regarding the 
characteristics of the population, it is clear that 
lesser disparities, such as can exist within even 
a single Japanese city (19), can easily result in 


TABLE IV 


Comparison of calculations for the frequency, q, of a rare 
recessive gene in two contrasting population models 
(described in the text) 


. 
population 


Model 1 
0.0050 


0.0025 
0.000714 


0.10 
0.05 
9.01 


= 0.0015 
Qeale 
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Model 2 


0.24 
Cav = 0.027 Ray = 0.24 
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calculations differing by a factor of 2 or 3. It 
should be re-emphasized that these are vastly 
oversimplified models, chosen from a multitude of 
possibilities, but a variety of other models would 
serve to make the same point of the influence of 
population structure on gene frequency estimates. 
Furthermore, only one of several ways in which 
populations may depart from the model has been 
considered here. Other possible, disturbing in- 
fluences include such factors as fertility differen- 
tials, recent relaxation of inbreeding, and assorta- 
tive mating. Fortunately, the increasing ability 
to detect a variety of heterozygous carrier states 
promises to substitute observation for the predic- 
tions of oversimplified statistical models, and at 
the same time may provide the insight to improve 
the models. 

These simple models also have some interesting 
implications for attempts to utilize inbreeding ef- 
fects for a variety of computations (23). Re- 
turning to the situation described above, assume 
that the trait associated with this hypothetical re- 
cessive gene is readily identifiable, so that it would 
be scored in studies on inbreeding effects. Fur- 
ther, «.:sume only two types of marriages in the 
two populations, namely, between first cousins 
or between unrelated individuals, and, for this 
generation, stability in population numbers. The 
frequency of appearance of affected individuals 
from the two types of marriages in consequence of 
the two different models of population structure 
has been computed in Table V. In the first case, 
the ratio of proportion affected from first-cousin 
marriages to proportion affected from non-con- 
sanguineous marriages is approximately 49, 
whereas in the second case, it is approximately 10. 
Stated in terms of the ratio of the “inbred load” to 
the “randomly mating load” of Morton, Crow and 
Muller (23), these correspond to ratios of 763 and 
151, respectively. 

The significance of a knowledge of population 
structure for attempts to calculate “mutation” 
versus “segregation” loads is thus obvious, but 
will not be discussed in detail at this time. How- 
ever, it may be noted that this factor has been in- 
adequately dealt with in some current treatments 
of the subject (23, 24). It should also be ap- 
parent from the model that conclusions regarding 
the number of loci at which recessive genes may 
occur with a given phenotypic effect (e.g., deaf 
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mutism), which are based upon an apparent dis- 
crepancy between the observed frequency of the 
phenotype and the frequency of consanguinity 
among the parents of affected individuals, may also 
be biased by this “neighborhood effect.” The bias 
can be of such a degree that, for the present, at- 
tempts on the basis of consanguinity data to esti- 
mate the number of recessive genes capable of 
producing a given phenotype, and the deductions 
drawn therefrom (25), cannot be taken very 
seriously, a fact which if not already apparent on 
theoretical grounds would be suggested by the wide 
discrepancy between calculations based on the data 
of Stevenson and Cheeseman (26) from Northern 
Ireland and Lindenov (27) from Denmark. 


SUMMARY 


A rapid and simple method for detection of hy- 
pocatalasemic heterozygotes for the gene re- 
sponsible for acatalasemia is described. A totai 
of 13,647 blood specimens from individuals re- 
siding in Hiroshima and Nagasaki has been ex- 
amined in this manner, and the frequency of hypo- 
catalasemics was found to be 0.09 per cent. Sur- 
veys in other parts of Japan have revealed fre- 
quencies of the order of 1.4 per cent. This un- 
evenness in the distribution of a rare “recessive” 
gene, taken in conjunction with the known varia- 
tion from locality to locality in the frequency of 
inbreeding, has important implications for the 
interpretation of data on inbreeding effects. Some 
of these implications are discussed. 
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SUPPRESSION OF NASAL, SKIN, AND AERIAL STAPHYLOCOCCI 
BY NASAL APPLICATION OF METHICILLIN * 


By DONALD T. VARGA anp ARTHUR WHITE? 


(From the Department of Medicine, University of Louisville, Louisville, Ky.) 


(Submitted for publication June 12, 1961; accepted August 17, 1961) 


Untreated heavy nasal carriers of staphylococci 
have been reported to have staphylococci on their 
skin more frequently and to disseminate staphylo- 
cocci in the air in larger numbers than either non- 
carriers or carriers of smaller numbers of these 
bacteria (1). If the nose is the main source of 
skin and aerial staphylococci, suppression of nasal 
staphylococci should be followed by a reduction 
in both aerial dissemination and skin carriage. 

Of the presently available systemically adminis- 
tered antibiotics, only methicillin (dimethoxy- 
phenyl penicillin) has been reported to eradicate 
staphylococci from nasal carriers without overt 
staphylococcal infections at other sites in hos- 
pitals where a large proportion of these organisms 
is multiple-drug-resistant (2-6). However, other 
investigators have reported that nasal staphyl- 
ococci are eradicated less frequently and _ less 
rapidly from patients receiving methicillin for 
staphylococcal infections at other sites (7-9). 

In the present study nasal treatment with methi- 
cillin not only suppressed nasal staphylococci but 
also decreased aerial dissemination of these organ- 
isms and markedly reduced skin carriage of 
staphylococci. Both before and after treatment, 
the frequency of positive skin cultures and aerial 
dissemination of staphylococci was proportional 
to the number of nasal staphylococci isolated at 
the time cultures were obtained. 


METHODS 


Quantitative nasal cultures (10) were obtained 4 or 
5 times per week, January through May, 1961, from 


* This investigation was supported by a research grant 
(E-2561) from the National Institute of Allergy and In- 
fectious Diseases, Bethesda, Md., and by a grant from 
Bristol Laboratories, Syracuse, N. Y. A portion of this 
work was published in abstract form in Clin. Res. 1961, 
9, 174. 

+ John and Mary R. Markle Scholar in Medical Sci- 
ences. 


patients without staphylococcal infections on the wards 
of Louisville General Hospital for whom prolonged hos- 
pitalization was indicated. Patients were classified as 
nasal carriers if at least 2 of 3 pretreatment cultures 
contained coagulase-positive staphylococci. Patients who 
were nasal carriers were treated by random selection 
with one of four ointments! containing 0, 10, 50 or 100 
mg of methicillin per g of petrolatum and lanolin oint- 
ment. A small amount of ointment was applied with the 
patients’ fingers completely around the anterior nares 3 
times per day for 1 to 2 weeks. Patients did not re- 
ceive any other antimicrobial agent during this study. 
Skin cultures of forearm (1) and air samples using slit 
samplers (11) were obtained before therapy and at 
weekly intervals during and after therapy. 

Cultures were obtained from all patients throughout 
their hospitalization. In patients who had not reacquired 
nasal staphylococci when discharged from the hospital, 
attempts were made to continue cultures either until 
staphylococci were again isolated or until at least a 
total of 30 days after therapy. 

Cultures from patients who did not reacquire nasal 
staphylococci during the study were obtained in the hos- 
pital for a mean period of 23 days after treatment, with 
a median value of 25 days; after discharge from the hos- 
pital, additional cultures were obtained for an average 
period of 17 days, with a median period of 14 days. 

Ten of the 14 patients who became nasal carriers af- 
ter treatment did so during their hospitalization. The 
remaining 4 patients were followed for 10, 13, 17 and 20 
days after treatment in the hospital, during which time 
their nasal cultures remained negative, and for an addi- 
tional 33, 14, 41 and 38 days, respectively, after discharge 
before staphylococci were isolated. 

A coagulase-positive staphylococcus from each posi- 
tive culture was phage typed ? and its susceptibility to pen- 
icillin G, tetracycline, erythromycin, chloramphenicol, 
kanamycin and methicillin was determined by plate-dilu- 
tion methods (12). Staphylococci requiring 10 ug or 
more for inhibition were considered resistant. By these 
standards, none of the staphylococci was resistant to 
methicillin or kanamycin. 

1Qintments with and without dimethoxyphenyl peni- 
cillin were obtained from Dr. E. M. E. Morigi, Bristol 
Laboratories, Syracuse, N. Y. 

2 Staphylococcal bacteriophages and propagating strains 
were supplied by Dr. John Blair, Hospital for Joint Dis- 
eases, New York, N. Y. 
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TABLE I 
Comparison of number of staphylococci isolated before treat- 
ment from patients who remained noncarriers as compared 
with patients who reacquired staphylococci 


Noncarriers Reacquired 


No. of No. of Per cent No. of Per cent 
staph. cultures cultures cultures cultures 


0 3 
10-10? 3 
107-108 4 


108-10! 3 
10*-10° 5 
105-108 


> 10* 


RESULTS 


No differences were seen in the results obtained 
with the three concentrations of methicillin. All 
patients treated with ointments containing methi- 
cillin became noncarriers during treatment, but 


TABLE II 


Nasal carrier rates for coagulase-positive staphylococci in 
patients treated with topical methicillin 


Treated Placebo 
patients patients 


(22 cases) (7 cases) 


No. No. 
Treatment day cultured Positive cultured Positive 
% 
Before 


treatment 


| 
SIA 


During 
treatment 


SOON 


After 
treatment 


no change occurred in the carrier rates of patients 
treated with placebo ointment. 

Eight of the 22 treated patients remained non- 
carriers for the duration of the study. Six of 
these 8 patients were followed for more than 30 
days after therapy and the remaining 2 patients 
were followed for 13 and 21 days after therapy. 

Staphylococci isolated from 7 of the 14 patients 
who became carriers after treatment were differ- 
ent phage types than the ones isolated from the 
patients before therapy, and 7 were the same 
phage type as that isolated before therapy. There- 
fore, a change in carrier status—either conversion 
of carriers to noncarriers or change in type of 
staphylococcus carried—occurred in 15 of 22 pa- 
tients (68 per cent). No change in phage types 
occurred in patients treated with ointment without 
methicillin. 

The time required before cultures became posi- 
tive after therapy varied from 3 to 58 days, with 
a median value of 13 days, and no differences were 
seen in the time of reappearance of staphylococci 
in patients who acquired the same phage type as 


TABLE III 


Effect of topical methicillin on number of staphylococci in 
positive cultures 


Mean of log of 
positive cultures 
Treated Placebo 
patients patients 


Treatment day (14 cases) (7 cases) 


| 


Before 
treatment 


During 
treatment 


100 W OO 


After 
treatment 


Aw 
UO 


| 
| 
| 
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in 13) 3 6) 
13543 4 8526 
St 17) 6 12 . 
13 12 25 

435 $27 
22} 1 
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23100 48-100 
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4.8 
100 || —3 5.6 
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ee 100 2 
100 3 2.2 

pay i00 + LS 
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TABLE IV 


Antimicrobial resistance of staphylococci isolated before and after treatment * 


No. of 
patients 


Before treatment After treatment 


No. of 


Patients patients Patients 


Noncarriers 
Sensitive 
Pen. resistant 
Pen., Tetra. resistant 
Pen., T Eryth. resistz 
en., lLetra., Eryth. resistant 
Pen., Tetra., Eryth., Chloro. resistant 


* Pen. = penicillin, Tetra. = tetracycline, Eryth. = erythromycin, Chloro. = chloroamphenicol. 


compared with patients from whom phage types 
different from those present before therapy were 
isolated. 

Pretreatment cultures from patients who became 
nasal carriers after treatment contained larger 
numbers of staphylococci than pretreatment cul- 
tures from patients who remained noncarriers after 
treatment (Table I). There was no difference 
in the number of staphylococci isolated from pre- 
treatment cultures of patients from whom the 
same phage type of staphylococci was isolated as 
compared with patients from whom a new phage 
type of staphylococci was isolated. 

Topical administration of methicillin caused a 
rapid drop in carrier rates and in the number of 
staphylococci isolated from those who remained 
carriers (Tables II and III). After therapy, the 
mean carrier rate gradually increased until 46 per 
cent of the cultures obtained 30 days or longer 
after treatment contained coagulase-positive 
staphylococci. In patients who became carriers 


TABLE V 
Phage patterns of staphylococci isolated before 
and after treatment 


Before After 
treatment treatment 


No. of No. of 


patients patients 


Patients Patients 


% 
Noncarriers 36 
Not typeable : 2 32 
Group | 

Group II 

Group III 

Type 80/81 


again, the number of staphylococci isolated from 
positive cultures did not equal pretreatment lev- 
els or the number isolated from patients treated 
with placebo ointment until 10 days after discon- 
tinuation of treatment. 

Comparisons of staphylococci isolated before 
and after treatment showed that 37 per cent of the 
patients before therapy and 15 per cent of the pa- 
tients after therapy were carriers of multiple-drug- 
resistant strains (Table 1V). Forty-five per cent 
of the patients were carriers of a phage type 80/81 
staphylococcus before treatment, but only 14 per 
cent were carriers of this staphylococcus after 
treatment (Table V). 

A large proportion of air samples and_ skin 
cultures collected from treated patients before 
therapy contained coagulase-positive staphylococci 
(Table VI). During treatment the number of 
samples containing coagulase-positive staphylo- 
cocci was very low. After therapy, staphylococci 
were isolated infrequently from patients who 
were not nasal carriers at the time skin cultures 
and air samples were collected, but were isolated 
as frequently from patients who had reacquired 


TABLE VI 


Frequency of positive air samples and skin cultures for 
staphylococci before, during, and after topical treatment 
with methicillin 


Air samples 
Skin 
cultures 


Active Inactive 


4/15 5/15 
0/10 0/10 

/ 0/25 
6/13 


7/13* 
3/10 
3/23 
6/10 


Before treatment 

During treatment 

After treatment (noncarrier) 
After treatment (nasal carrier) 


* No. positive/no. samples. 


; 
) % % 
0 0 8 36 
- 10 45 5 23 
4 18 6 27 
2 9) 1 5} 
| 3 14437 1 5415 
3 14) 1 5} 
22 100 22 100 at 
Me. 
—— 
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TABLE VII 


Correlation of frequency of positive skin cultures to number 
of nasal staphylococci 
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TABLE IX 


Correlation of frequency of positive air samples from patients 
during activity with number of nasal staphylococci 


No. of No. on 
Nasal count cultures positive Positive 


5 Colonies/ 
eu ft of air 


Air No. 


Nasal count samples positive Positive 


0 
10' to 108 


14 17 


staphylococci as from patients before treatment. 
No changes occurred in the frequency of positive 
cultures or in the number of staphylococci iso- 
lated in air samples or from skin cultures of pa- 
tients treated with placebo ointment. 

The frequency of positive skin cultures was 
greater in patients who were carriers of more than 
10,000 staphylococci per nasal swab than in car- 
riers of less than 10,000 (Table VII). In pa- 
tients in whom nasal staphylococci had been elimi- 
nated by nasal ointment, no staphylococci were 
isolated from the skin. 

No correlation was found between the fre- 
quency of positive air samples and the number of 
staphylococci isolated from nasal carriers when 
the air samples were collected while the patient 
rested quietly in bed (Table VIII). However, in 
patients in whom nasal staphylococci had been 
eliminated, a very low proportion of air samples 
contained staphylococci. 

When the patients’ bedding was shaken lightly 
for 15 seconds of the 1.5-minute collection period, 
positive air samples were more frequent around 
carriers of more than 10,000 staphylococci than 
around either carriers of less than 10,000 staphylo- 
cocci or around noncarriers (Table IX). In ad- 
dition, more than 5 staphylococcal colonies were 
present in 32 per cent of air samples around nasal 


TABLE VIII 


Correlation of frequency of positive air samples from patients 
at rest to number of nasal staphylococci 


No. of No. 


Nasal count samples positive Positive 


0 
10' to 104 


0 
10! to 104 


carriers of more than 10,000 colonies, in 15 per 
cent of air samples of carriers of less than 10,000 
colonies, and in only 3 per cent of air samples 
around patients in whom nasal staphylococci had 
been completely suppressed. 

Eighty-one per cent of staphylococci isolated 
from air samples or from the skin of nasal carriers 
were the same phage types and were susceptible to 
the same antibiotics as the staphylococci isolated 
from the nose at the same time. All staphylococci 
isolated from air samples around noncarriers were 
of different phage types and had different anti- 
microbial susceptibilities than the staphylococci 
isolated either from pretreatment nasal cultures 
or from nasal cultures obtained at a later period 
in those patients who reacquired nasal staphylo- 
cocci, No local or generalized reactions to topical 
methicillin were observed during or after treat- 
ment. 

DISCUSSION 


In general hospitals where antibiotics are used 
extensively, there is a large reservoir of staphylo- 
cocci resistant to penicillin G, tetracycline, erythro- 
mycin and chloramphenicol. Administration of 
these antibiotics to patients or personnel often 
eliminates sensitive staphylococci present in the 
nose before therapy, but treated patients acquire 
new strains from the hospital environment during 
therapy which are resistant to the administered 
drug and to several other antibiotics also (3, 4). 

Methicillin is highly resistant to staphylococcal 
penicillinase and, in this hospital, no coagulase- 
positive staphylococci of over 3,000 strains tested 
were resistant to methicillin. In a previous study 
(2), systemic therapy with methicillin rapidly 
eliminated nasal staphylococci from patients with- 
out staphylococcal infections at other sites. Since 
there were no strains resistant to methicillin, 
treated patients did not acquire new strains from 
the hospital environment during treatment. 
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As shown in this study, nasal treatment with 
methicillin also rapidly depressed both the number 
of nasal carriers and the number of staphylococci 
present in those patients who remained carriers. 
Associated with the reduction in nasal staphylo- 
cocci was a marked reduction in the frequency 
with which staphylococci could be isolated from 
a standard area of patients’ skin and a reduction in 
the frequency with which staphylococci could be 
recovered from the air around treated patients. 

In patients who became nasal carriers after 
treatment was discontinued, a large proportion of 
both skin cultures and air samples again contained 
coagulase-positive staphylococci. However, the 
strains acquired after therapy were less frequently 
multiple-drug-resistant or lysed by phages 80/81 
than those isolated before therapy. 

In this study, patients were selected who would 
remain in the hospital at least 3 weeks. Because 
of the nature of their illnesses, many had received 
antibiotics during previous hospitalizations and the 
proportion of staphylococci lysed by phages 80/81 
and resistant to several antibiotics was higher than 
usually found in newly admitted, untreated pa- 
tients (3). 

If fewer strains before treatment had been drug- 
resistant, an increase in the number of such strains 
after completion of treatment might have occurred 
in proportion to availability of drug-resistant 
strains in the environment. However, selection 
of drug-resistant strains during treatment would 
require strains resistant to methicillin. Gezon, 
Rogers, Thompson and Hatch (13) have reported 
that more than one phage type of staphylococcus 
can be isolated from a large proportion of nasal 
carriers. It is possible that new phage types iso- 
lated after therapy with methicillin were present 
before treatment and do not represent true ac- 
quisition of new phage types. However, the close 
correlation between phage types of staphylococci 
isolated from the nose, skin, and air around indi- 
vidual carriers both before and after treatment sug- 
gests that changes in the predominant type of nasal 
staphylococci did occur. 

At the present time, methicillin differs from 
most antimicrobial agents in suppressing nasal 
staphylococci, skin staphylococci, and aerial dis- 
semination of these bacteria and in reducing the 
proportion of multiple-drug-resistant strains from 
these sources. No strains resistant to methicillin 


have been detected in our hospital ; should resistant 
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strains appear in large numbers, then patients 
treated with methicillin would be expected to ac- 
quire methicillin-resistant staphylococci from the 
hospital environment in a manner similar to the 
acquisition of strains resistant to penicillin G, 
tetracycline, and erythromycin by patients during 
treatment with these drugs. A few strains re- 
sistant to methicillin have been reported from 
England (14), but it is too early to predict ac- 
curately how virulent or transmissible these 
staphylococci will be or how frequently they may 
be encountered after methicillin has been used 
for a longer period of time. 

The relative role of nasal carriers of staphylo- 
cocci in initiating staphylococcal infections has 
not been completely established. However, a 
number of epidemics of staphylococcal diseases 
has been ascribed to a simple nasal carrier (15- 
17). Also, in two studies (18, 19) patients who 
were nasal carriers had a higher incidence of post- 
operative staphylococel infections than patients 
who were noncarriers, and the increased incidence 
of infection was due to staphylococci of the same 
phage types as those present in the nose before the 
infection occurred. 

It has rarely been possible to prove that in- 
fections were caused by aerial dissemination or by 
direct contact with skin staphylococci. However, 
studies by Wolinsky, Lipsitz, Mortimer and Ram- 
melkamp (20) have shown that, at least in one 
nursery, direct contact by hands was very im- 
portant in dissemination of staphylococci. Re- 
gardless of the method of transfer, the present 
studies suggest that a decrease in the number of 
nasal staphylococci or elimination of the nasal car- 
rier status should reduce both the risk of aerial 
dissemination and of infections from skin staphyl- 
ococci. 

This study was designed to test the correlation 
between nasal staphylococci and dissemination of 
these organisms onto the skin and into the air. 
Until the role of nasal carriers in initiating staphyl- 
ococcal infections can be established and until the 
risks of selecting methic‘llin-resistant staphylo- 
cocci with either topical or systemic therapy are 
known, topical treatment of nasal carriers with 
methicillin as a means of reducing staphylococcal 
infections must remain an experimental approach. 
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SUMMARY 


Nasal administration of methicillin rapidly de- 
creased both the number of nasal carriers of 
staphylococci and the number of staphylococci iso- 
lated from patients who remained carriers. 

Approximately one-third of treated patients re- 
acquired staphylococci of the same phage types as 
those present before therapy; in one-third of the 
patients different phage types of staphylococci 
were isolated after treatment; and one-third re- 
mained noncarriers. 

Staphylococci isolated after treatment were less 
frequently multiple-drug-resistant than those iso- 
lated before treatment. 

Depression of nasal staphylococci was followed 
by a rapid reduction of skin staphylococci and of 
aerial dissemination of these organisms. 
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Kaliopenic nephropathy is now a well recog- 
nized entity in which diminished ability to con- 
centrate urine is a prominent clinical feature 
(1-4). Most instances are reported in patients 
with an aldosterone-producing tumor or -hronic 
diarrhea (5), and the defect in urine concentrating 
ability was well established when potassium de- 
ficiency was recognized. Usually the magnitude 
and duration of the potassium deficit could be 
only indirectly inferred. 

Most studies of renal anatomy and function 
during potassium deficiency have been performed 
in animals, but it is generally assumed that man 
behaves similarly, and a) anatomic lesions in the 
collecting ducts and inner medulJa cause the func- 
tional incapacity (3), b) the severity of these 
lesions reflects the magnitude of potassium de- 
pletion (2, 3, 6), and c) the functional and pos- 
sibly the anatomic aberration is reversible if po- 
tassium is repleted (1, 3, 5). 

Extrapoiation of data obtained in the rat to 
limited experience in man is uncertain. The ana- 
tomic lesions of the kidney seem quite different 
in rats (7-11) and men (2, 12-14). Human le- 
sions are often maximal in the proximal convolu- 
tion rather than in the collecting system, and the 
vacuolated renal tubular epithelium usually seen 
in man (and dog) may be absent or minimal in 
the rat. Secondly, because potassium deficiency 
and the circumstances which cause it threaten 
health, serial study of the same untreated patient 
is usually precluded, and correlation of renal func- 
tional studies with the potassium deficit is of lim- 
ited utility. Finaily, focal scarring occurs in kid- 
neys of animals maintained for even brief periods 
in the potassium-depleted state (15-17), and the 
reversibility of function with potassium repletion 
has been questioned (3, 13, 18). 

The studies reported herein describe certain 
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experiences with experimental potassium deple- 
tion in man; they attempt to quantify in time the 
extent of the alteration in renal concentrating 
ability during progressive potassium depletion and 
its resolution during potassium replenishment. A 
temporal dissociation between the ability to con- 
centrate the urine maximally during hydropenia, 
and the ability to conserve water during acute sol- 
ute loading was found. Although permanent im- 
pairment of renal function was not observed in 
these studies, it is felt that this was fortuitously 
related to the relatively limited magnitude or 
duration of potassium depletion, and in view of 
the rat experience reported after these studies 
were instituted (17), which indicates that perma- 
nent renal scarring may result from even brief 
potassium depletion, we would hesitate to induce 
again severe potassium depletion in man. 


METHODS 


Nine male patients participating in these studies were 
convalescent from orthopedic procedures, and free of 
cardiovascular, renal and endocrine disease by history, 
physical examination and the usual laboratory screening 
procedures. Experimental potassium depletion was pro- 
duced by feeding a constant liquid diet, adequate in calor- 
ies, protein and vitamins, but containing less than 0.1 
mEq of potassium per kg body weight. Since the diet 
was made up of natural foods, it is likely that other trace 
elements were not seriously deficient. The diet could 
maintain nitrogen balance in adult man, and with added 
KCl, could promote normal growth in young rats. So- 
dium intake was kept constant, generally at 1 mEq per 
kg of body weight, but in certain studies was modified 
by protocol design. In some studies protein intake was 
kept low during the initial period of potassium deple- 
tion, then quadrupled without increasing potassium intake. 
Cumulative losses of potassium were monitored from 
analyses of urine and feces only, and are minimal rather 
than precise estimates of degree of potassium depletion. 
Their magnitude was again estimated during repletion, 
and in each instance was confirmatory within 15 per cent. 
Measured amounts of distilled water were given ad 
libitum. 

Each subject was first observed for 1 week on the meta- 
bolic ward. KCl, 1.0 mEq per kg body weight, was given 
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with the potassium-depletion diet during this period, and 
control studies of concentrating ability during dehydration, 
water reabsorption during mannitol diuresis, the response 
to a water load, and vasopressin sensitivity were per- 
formed. The test diet was then continued without potas- 
sium supplements for 20 to 35 days, and these studies 
were repeated at intervals. Serial concentration tests 
twice weekly were feasible in six subjects throughout 
the depletion and repletion periods; observation was less 
complete in the others. Three or more mannitol infu- 
sions were performed in five potassium-depleted subjects ; 
in three others only a control study and a single study 
during potassium depletion were performed. Similarly, 
serial weekly studies of water diuresis were feasible in 
only four of the subjects, although several studies during 
the potassium-depletion period were performed in the 
others. 

Urinary concentrating ability was assessed after over- 
night dehydration both with and without Pitressin (vaso- 
pressin). Although a more concentrated urine can be 
achieved by normal men by prolonging or intensifying 
the period of dehydration, or by increasing the protein 
content of the diet (19, 20), this simple technique gives 
closely reproducible results in any single individual (av- 
erage variation from the mean of two or more tests: nor- 
mals, 4.2 per cent; renal disease with hyposthenuria, 6.9 
per cent). Water reabsorption was examined during 
osmotic diuresis produced by infusing 10 per cent man- 
nitol during dehydration. Dehydration tests and osmotic 
diuresis were usually performed in tandem; i.e., after 
two or three hourly urines were collected, the mannitol 
infusion was started and infusion rate slowly raised un- 
til maximal urine flow was achieved. Sufficient vaso- 
pressin was added to the infusion (in excess of 200 nU 
per hour) to insure maximal antidiuretic hormone (ADH) 
activity. Maximal water reabsorption (T‘H,O, the dif- 
ference between osmolar clearance and urine flow) was 
arbitrarily selected as the average value obtained in three 
to five collection periods agreeing within +10 per cent. 
These generally were obtained at intermediate rates of 
solute excretion (Cosm, 15 ml per minute), for with 
more rapid rates of mannitol infusion T‘H,O appeared 
to decrease irregularly. 

Water diuresis was produced by giving 20 ml per kg 
of tap water, or by giving a sustained load of 1.0 L. The 
adequacy of diuresis after a water load was evaluated 
from time course and magnitude of peak urine flow, mini- 
mal urine osmolality, and gross water balance after 2 
and 3 hours. Often minimal urine osmolality was also 
observed during sustained water loads. The reproduci- 
bility of such data even in the same subject on constant 
diet was less than ideal, reflecting undoubtedly the un- 
controlled differences in antecedent bodily hydration and 
fluctuating renal hemodynamics. At least 2 days sepa- 
rated tests of dilution and concentration. 

Sensitivity to exogenous vasopressin was examined at 
intervals during progressive potassium depletion. Each 
subject was titrated by determining the minimal amount 
of vasopressin given intravenously during water diure- 
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sis which could induce urine to become more concen- 
trated than plasma. Then twice this amount of vaso- 
pressin was administered in successive studies using a 
fresh ampule of the same lot for each study to obviate 
the problem of deterioration after dilution. Two dif- 
ferent lots were used which differed by cross assay in 
normal man by 50 per cent, so that cited dosage adminis- 
tered is only a rough approximation. 

All urines were collected by spontaneous voiding. 
Urinary sediment was examined at frequent intervals. 
In five subjects, quantitative sediment counts were per- 
formed daily on overnight specimens. Fleeting mild 
albuminuria or increased cellular elements were seen 
in most cases, but rarely in consecutive specimens. 
Three subjects who had increased numbers of white cells 
in their urinary sediment on several occasions were 
studied more intensively, but repeated urine cultures re- 
vealed no significant bacilluria. 

Chemical methods employed have been previously de- 
scribed (21). Osmolality of plasma and urine was esti- 
mated with a Fiske osmometer by comparing the freez- 
ing point depression to that of standard solutions of so- 
dium chloride. 


RESULTS 


Potassium-restricted subjects lost their ability 
to concentrate urine normally (Figure 1). Sig- 
nificant hyposthenuria was apparent as early as 
the fourth day in one subject and common to all 
the subjects by the second week. Generally the 
impairment of concentrating ability was slight un- 
til approximately 200 mEq of potassium had been 
lost. After approximately 3 weeks of potassium 
restriction (deficit, 350 mEq), the degree of hy- 
posthenuria became relatively constant although 
potassium restriction continued, and even in the 
most severe potassium depletion, 24-hour urine 
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Fic. 1. URINE CONCENTRATION DURING HYDROPENIA 
IN POTASSIUM DEPLETION. The mean and range of maxi- 
mal urine concentration examined in 9 subjects is de- 
picted. The mean Umax is significantly (p< 0.05) dif- 
ferent from control by the tenth day. 
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Fic. 2. RELATIONSHIP BETWEEN URINE CONCENTRAT- 
ING ABILITY AND THE MAGNITUDE OF THE POTASSIUM 
DEFICIT. 


was generally more concentrated than plasma. 
Linear correlation of the loss of urine concentrat- 
ing ability with the cumulative loss of potassium 
was low (R = 0.55, p > 0.1), and such correlation 
seemed appropriate only in the range of potassium 
deficit of 200 to 400 mEq. At values above and 
below these limits, changes in potassium balance 
were little reflected in changes in maximal urinary 
concentration (Umax). The diphasic curves shown 
in three subjects (Figure 2) were typical. 
Maximal water reabsorption during osmotic 
diuresis fell abruptly as potassium was withdrawn 
from the diet (Figure 3, Table 1). The concen- 
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Fic. 3. WATER REABSORPTION DURING OSMOTIC DIURE- 
SIS IN PROGRESSIVE POTASSIUM DEFICIENCY. Serial stud- 
ies in a single individual are depicted. The Umax refers 
to concentration during hydropenia obtained before start- 
ing the mannitol infusion. The study during Week 5 
was performed after repletion; external balance of po- 
tassium was + 80 mEq. 


trating defect was prominent at high rates of sol- 
ute excretion in subjects who retained considerable 
concentrating ability during simple dehydration 
when the rate of solute excretion was low. Thus 
two subjects could concentrate urine to 800 mOsm 
per L during dehydration, but maximal T*H,O 
was <3.0 ml per minute; four subjects who 
could concentrate urine to twice plasma osmo- 
lality could not reabsorb 1 ml per minute T°H,O. 

As the potassium deficit was increased further, 
the U/P osmotic gradient during hydropenia 
could be maintained only when the rate of solute 
excretion was low. After more than 300 mEq of 


TABLE I 


Water reabsorption in potassium-de pleted subjects * 


Potassium depletion Recovery 
Control Week 1 2 3 4 2 — 

Umax 1,140 + 80 (mOsm/L) 801 +110 410+ 40 340 + 20 328 + 18 960 + 42 

[9] [9 8 [6] (S] [9] 
Max. T¢H,0 5.6 + 0.9 (ml/min) 1.2+0.8 0.2 + 0.6 —0.8+09 -01+04 0941.2 5341 

[9] [8] [6] [3] [4] (SJ 
K balance (mEq) —210+62 —295+32 -—354460 -—428+26 60+ 15 

[9] [9] [8] [3] 


* The values reported (mean + standard deviation) are arbitrarily grouped by weeks of depletion. When more 
than one study was performed during a single week the values obtained were averaged. The number of patients studied 
in each period is shown in brackets. The numerical values assigned to T°H,O during potassium restriction are arbitrary 
and conceptually artifactual, since in most studies no apparent plateau was achieved and urine often became progressively 
less concentrated as solute load was raised. The calculated T°H,O values that were observed at the same range of solute 


excretion rates obtained in the control study were averaged. 


This is better depicted in Figure 3 and discussed further in 


the text. The repletion studies are timed from the onset of repletion. Although potassium was given at different rates 
and retention of potassium varied, all subjects had a calculated net positive balance of potassium by 2 weeks. 
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TABLE 


Parameters of water diuresis compared in seven subjects at approximately equivalent 
deficits of potassium (250 to 300 mEq) * 


Day of study: 16 


II 


Deficit 250-300 mEq 
II III IV Vv VI VII 
18 20 21 22 26 28 


losses of about 50 ml/hour. 
denote a single water load. 
severely reduced. 


potassium had been lost, maximal water reab- 
sorption in three of six subjects in whom an os- 
motic diuresis was induced was actually “‘nega- 
tive.” Although urine during hydropenia was in 
each instance at least 20 per cent more concen- 
trated than coincident plasma, the osmotic gradient 
was rapidly lost with increasing solute excretion, 
and urine became more dilute than plasma. Po- 
tassium replenishment caused a prompt return 
in the ability to concentrate urine during hydro- 
penia. This was not true of water reabsorption 
during mannitol loading and maximal T‘H,O was 
severely reduced when Umax had already returned 
to normal (Table I). Two of the five subjects 
studied 1 month after repletion still had a low 
T°H,O (3.2 and 3.6 ml per minute). Three 
months later, the opportunity to re-examine one 
of these subjects and two of the others revealed 
no abnormalities of renal function. 

Water diuresis was little affected by moderate 
potassium deficiency and a seemingly normal re- 
sponse to ingested water was obtained in subjects 
whose capacity for urine concentration had al- 
ready deteriorated (Table When potas- 
sium deficiency progressed beyond 350 mEq, ab- 


Maximal flow (ml/min) 14.2 10.6-22.3 13. 
Minimal osmolality (mOsm/L) 69 60-89 72 
“‘Lag time’”’ (min) 60 35-110 48 
© Excreted at 2 hrs 81t 62-106 


TABLE Ill 
Abnormal water diuresis in three of five subjects studied when the potassium deficit exceeded 350 mEq 


8 8.3t 14.7 16.2 21.9 9.4F 11.1 
120+ 65 60 64 88 
807 90 75 93 657 
82 607 


* The day of study is shown to give some estimate of the rate of development of potassium deficiency. ‘‘Lag time” 
refers to the time elapsed between water load and peak urine flow. 


Excretion at 2 hours was not corrected for insensible 


All data were obtained during sustained water loading except those designated by f to 
The data demonstrate normal water diuresis at a time when urine concentrating ability was 


normal water excretion became evident (Table 
III). The response to intravenous loads of a di- 
lute fructose solution was also abnormal at this 
time, indicating that impaired intestinal absorption 
was not the decisive factor. The abnormal water 
diuresis was not improved by salt loading except 
in a subject whose previous sodium intake had 
been restricted parallel to potassium restriction, 
and who never achieved a normal response to wa- 
ter loading even in the first week. Although con- 
sistent changes in creatinine clearance were not 
found during potassium deficiency, s‘gnificant 
changes in glomerular filtration were not ruled out. 

Increasing resistance to vasopressin became 
evident as potassium deficiency progressed. ‘Jet 
this did not always closely parallel loss of con- 
centrating ability, and two of the subjects who 
could still concentrate their urine to 400 to 500 
mOsm per L during dehydration continued to 
excrete very dilute urine during water diuresis 
despite vasopressin administration (Figures 4 
and 5). While it is attractive to consider that 
these data would substantiate a dual process of 
water reabsorption (25, 26), one partly indepen- 
dent of ADH action, creatinine clearance and 


Deficit (mEq): 351 
Subject: III 


©, Excreted at 2 hrs 22 92 


Maximal flow (ml/min) 6.2 11.8 2.4 1.4 19,2 1.6 
Minimal osmolality (mOsm/L) 185 82 232 201 76 206 
"Lag time’’ (min) 80 75 45 
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activity. See text. 


Normal 
Normal + urea 
K-depleted 


dogs are amalgamated. 


Effect of urea on T°H.O in potassium-de pleted dogs * 


Fie. 5. 
HOL INGESTION 
SISTANT TO VASOPRESSIN. 


RESPONSIVENESS IN POTASSIUM 
The measured potassium deficit was approx- 
imately 200 mEq by Day 10 and 320 mEq by Day 21. 
The study on Day 24 was performed after 200 mEq had 
been given, replacing more than half the cumulative deficit. 
This lot of vasopressin had probably lost considerable 


hence probably glomerular 


ure 5). The “water-type” 


TABLE IV 


“WATER TYPE” DIURESIS AFTER ETHYL ALCO- 
IN A POTASSIUM-DEPLETED 
Free water clearance is depicted 
as the difference between Cosm and V. 


ably increased during mannitol infusion, and it is 
difficult to explain the effect of ethyl alcohol in 
the moderately potassium-depleted subject (Fig- 


SUBJECT RE- 


filtration rate invari- 


diuresis evident after 


Rate of solute excretion 


2,000—3,000 


1,000—2,000 
pwOsm/min pOsm/ min 
3.6 to 4.2 3.9 to 4.4 
2.9 to 4.6 3.8 t0 5.2 
—0.17 to 0.3 —1.2¢ to 0.5 
to 0.1 


potassium-deticient diet was fed for 5 weeks prior to study. 
(approximately } normal body content) and moderate hypokalemic alkalosis was present. 
mannitol was increased until urine flow exceeded 10 ml/min for three successive periods. 
into the stomach and rate of mannitol infusion slowly reduced to observed T¢H,O over a wide range of solute loads. 
The post-urea periods are limited to those in which urea excretion had increased more than twice. 


t A negative T°H,.O indicates urine was more dilute than plasma. 


—0.4F to 0.5 


Cumulative negative balance 


3,000 + 


—1.1¢ to 0.4 
—1.27 to 0.1 


Then 50 g of urea was instilled 


pOsm/min 
4.7 to 6.5 


was in excess of 90 mEq 
The infusion rate of 10% 


The data from 3 
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REPLETION 
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Fic. 6. 
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2A 6 12 
DAY 


EFFECT OF PROTEIN FEEDING ON WATER CONSERVATION DURING POTASSIUM 
Not shown is the balance of nitrogen and phosphorus which became 
The relative potassium deficit was probably aggravated (see text). 


Serum potassium fell from 3.8 to 2.6 mEq per L when protein intake was quad- 


alcohol suggests that some ADH was previously 
present and acting on the renal tubule, since the 
main action of alcohol on water balance seems to 
be inhibition of ADH release (22). This is fur- 
ther implied by the absence of hypotonic polyuria 
which might be expected if total insensitivity to 
ADH was present (23, 24). 

Protein feeding or urea administration may in- 
crease apparent urine concentrating ability both 
in normal subjects and in some patients with hy- 
posthenuria due to renal disease (25). The effect 
of increased loads of urea on the hyposthenuria 
of potassium deficiency was examined in three 
subjects. In a subject whose dietary protein was 


rupled in this subject, but remained unchanged in a similar study on another subject. 


increased while potassium restriction continued, 
maximal urinary concentration was more than 100 
mOsm per L higher on the high protein intake, 
although the degree of potassium depletion had 
increased 100 mEq (Figure 6). A second sub- 
ject, more severely depleted of potassium, simi- 
larly increased Umax, but in an another subject 
with hyposthenuria and potassium depletion of 
over 300 mEq, 3 days of urea feeding did not ap- 
preciably alter concentrating ability. Feeding 
urea during mannitol infusion, which increases 
apparent maximal water reabsorption in normal 
dogs, and, under special circumstances, in man 
(25, 26), did not increase water reabsorption in 
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potassium-depleted dogs (Table IV), or in a po- 
tassium-depleted subject. 


DISCUSSION 


The inability to concentrate urine normally that 
attends potassium depletion had two main charac- 
teristics: 1) Umax fell slowly and reached a mini- 
mum only when considerable potassium had been 
lost from the body; yet at the extreme deficits of 
this study, urine could be cencentrated to levels 
higher than plasma osmolality. 2) T*H,O de- 
teriorated abruptly when potassium was restricted 
and, even with mild potassium deficits, increasing 
solute load abolished the U/P osmotic gradient 
despite maximal ADH activity. While massive 
solute loading may induce a progressive fall in 
negative free water clearance and even hypotonic 
urine in dehydrated dogs, such occurrence in man 
is unusual, and was unexpected with this moderate 
degree of solute loading. Similar mannitol infu- 
sions in isosthenuric patients with advanced renal 
disease have not, in our experience, induced urine 
more dilute than plasma. 

A readily demonstrable defect in renal tubular 
function occurred with degrees of potassium de- 
pletion tolerated by other body cells with ap- 
parent impunity (27-29). This may be ascribed 
to an apparent critical vulnerability of the renal 
tubular epithelium te potassium deficiency ; how- 
ever, comparable techniques to examine other 
body cells are lacking. Urine concentrating abil- 
ity was invariably compromised while serum po- 
tassium concentration remained within the normal 
range. The failure of serum concentration of po- 
tassium consistently to reflect body stores has 
been frequently pointed out (2, 30-32) and is 
probably related at least in part to the level of 
sodium intake (33, 34). 

The intensity and significance of a given potas- 
sium deficit must undoubtedly include a temporal 
factor so that the length of time a given potas- 
sium deficit is maintained and the rate at which it 
developed must probably qualify the pathophysio- 
logic response (22-24, 30). We have tried to in- 
duce a mild but acute potassium depletion by re- 
ducing potassium content of the dialysis bath of a 
patient being hemodialyzed for barbiturate poison- 
Water reabsorption was measured during 
A measured de- 


ing. 
continuous mannitol diuresis. 
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pletion of over 250 mEq of potassium failed to 
alter water reabsorption acutely. 

The mechanism by which the defect is produced 
is not entirely clear but certain possibilities can 
be considered. 1) Osmotic diuresis. The inability 
to concentrate adequately is common to many 
types of anatomic injury which reduce effective 
renal mass. Fewer nephrons processing a given 
solute load produce urine similar to that obtained 
during osmotic diuresis. The hyposthenuria of 
potassium depletion cannot be readily ascribed to 
increased osinotic load per nephron unit, as filtra- 
tion rate was relatively unimpaired, and the con- 
centrating defect was evident even when the sol- 
ute load was reduced by feeding a diet restricted in 
sodium or protein as well as in potassium. 2) 
Animal studies indicate that there is a lessened 
hypertenicity of tissue samples taken from the 
region of the papilla in potassium-depleted animals 
(35). This may indicate either that less solute 
has been reabsorbed from the tubular urine or 
that less solute has been retained in situ by the 
countercurrent system of the medullary vascular 
bundles. These data indicate that kaliopenic isos- 
thenuria can not be attributed solely to ADH re- 
fractoriness, unless it is assumed that the permis- 
sive action of ADH on water diffusion indirectly 
regulates medullary blood flow and hence solute 
retention. A reduced solute concentration in the 
medulla may prevent efficient operation of the 
countercurrent multiplier system of the loops of 
Henle and the collecting ducts by reducing the 
rate of transfer of water across the tubular cell 
(36-39). 

Even if one assumes that solute reabsorption is 
altered in potassium deficiency, the source of 
medullary solute remains unclear. In potassium- 
deficient rats unable to concentrate urine normally, 
micropuncture samplings from the distal convolu- 
tion failed to show altered concentration (38, 
40). While this may localize the final concentrat- 
ing defect in potassium-deficient rats to a more 
terminal segment of the nephron, possibly the col- 
lecting ducts, the possibility that reduced reab- 
sorption of sodium occurred in the loop of Henle 
or even in the proximal convolution is not entirely 
negated. Perhaps flow rate rather than concen- 
tration of tubular urine was altered. Restrained 
diffusion of water could have maintained normal 
plasma/tubular fluid osmotic gradients even while 
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flow rate was increased so that the volume of water 
reaching the collecting ducts may have been in 
excess of concentrating capacity. 

The subjects of this report could normally di- 
lute their urine at a time when their concentrating 
ability had already deteriorated, implying that 
solute reabsorption during water diureses (pre- 
sumably the ascending limb of Henle’s loop) was 
adequate for the normal genesis of free water. 
The redistribution of body fluids with sodium 
retention, especially the increased extracellular 
volume that attends potassium deficiency (27-29) 
if sodium is not restricted, could be expected to 
alter the excretion of a water load. Extrarenal 
factors, such as production and renal responsive- 
ness to aldosterone and changes in body fluid 
volumes, may be produced by potassium deple- 
tion and may exert unknown effects on these ex- 
periments. Furthermore, extrapolation from wa- 
ter diuresis to hydropenic states may not be valid. 

It is attractive to consider the proximal reab- 
sorption of sodium as critical to the diminished 
concentrating ability in potassium deficiency, for 
such a concept would not relegate to insignificance 
the distinct anatomic alterations in the proximal 
convoiution ; but, although phenol red and para- 
aminohippurate are poorly excreted in potassium 
deficiency, evidence for other “proximal” dys- 
function is meager. Salt wastage during rigid 
sodium restriction might be expected if proximal 
solute reabsorption were seriously impaired in 
potassium deficiency, but this is not usual in po- 
tassium-depleted states. We would suspect that 
the defect is a consequence of diminished reab- 
sorption of sodium rather than of impaired equili- 
bration of water. That the hydropenic potassium- 
deficient subject could still concentrate urine when 
solute load was kept low implies that the counter- 
current system was operating effectively (albeit 
at limited capacity) and that the countercurrent 
function must be to some degree independent of 
the tonicity within the medulla. Reduction in the 
osmotic gradient between urine and _ interstitial 
fluid of the medulla may be adequate to establish 
a relatively high urine concentration during dehy- 
dration when flow rate is very low, but might be 
inadequate to maintain an effective gradient dur- 
ing osmotic diuresis when flow rate is greatly 
increased. 

Both reduction in volume of filtrate and estab- 
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lishment of a high osmotic ratio define the conser- 
vation of urinary water. The retention of the 
latter capability at low solute loads may reflect 
the methodologic inadequacy wherein high solute 
loads are needed to “unmask” the altered equili- 
bration of water. It was not possible within such 
protocol to compare widely different rates of 
solute excretion at identical filtration rates, and 
the temporal “dissociation” may be an unavoidable 
artifact reflecting renal hemodynamic changes. 

Increased retention of nitrogen and phosphorus 
that occurred with protein feeding implies stor- 
age of protoplasmic nitrogen without potassium, 
so that the potassium deficiency may have been 
aggravated at the cellular level, and the somewhat 
greater concentrating ability that obtains with 
protein feeding becomes even more significant. It 
appears that the increased contribution of urea 
to the peritubular osmolality may overcome in 
part the deficit in medullary tonicity and hence in- 
creases the concentration attained by the final 
urine. 

The effect of urea on the concentrating process 
may be qualified by the coincident osmotic load, 
since we were unable to increase water reab- 
sorption by giving urea to potassium-depleted 


dogs at the height of mannitol diuresis. The fail- 


ure of urea feeding, which should have increased 
urea excretion without altering relative potas- 
sium deficiency, is unexplained. 


SUMMARY 


Serial studies of urine concentrating ability 
were performed in man during progressive potas- 
sium depletion. A temporal dissociation between 
the ability to concentrate urine during hydro- 
penia and the capacity to reabsorb water during 
osmotic diuresis was found. Umax was resistant 
to potassium depletion until about 200 mEq of 
potassium had been lost, progressively fell as the 
potassium deficit was doubled, and then reached 
a threshold hypertonic to plasma despite continu- 
ing potassium depletion. Free water reabsorption 
during mannitol diuresis fell abruptly with potas- 
sium restriction, and approached zero at a time 
when appreciable concentrating ability was re- 
tained. With more severe potassium deficiency, 
urine became hypotonic to plasma with solute 
loading. The capacity to dilute urine after water 
loading was retained. Some considerations of the 


‘ 
Ags 
7 
“ 
4 
i 
j 
ay 
i 
2 
* 
f 
4 


| 
| 
| 


mechanism whereby potassium deficiency may 
alter water conservation are discussed. 
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tumor, gonadotropin-responsive, 
1049* 
and blood pressure, 580 
and cortisol, 1318-1321 
blood-cerebrospinal fluid barrier, 
2000, 2002, 2005 
metabolic inactivation, 1091* 
stimulation in Cushing’s syn- 
drome, 1251-1253 
and glucagon antibodies, 1286, 
1288 


in hirsutism, 1318-1321 
in infants, premature, 243, 246-247 
and Porter-Silber chromogen se- 
cretion, 203 
secretion, 1091* 
after carotid constriction, 1167 
after hemorrhage, 203, 693, 695 
in ulcerative colitis, 2127-2133 
Adrenosterone, metabolic pathway, 


1079* 
Age 
and adipose tissue acetate uptake, 
930 
and aortic pressure-volume curve, 
933-938 


and arterial rigidity, 933-939 
in hypertension, 1915-1921 
and bacteriuria, 1053* 
and bone phosphate exchange, 436 
and calcium metabolism, 1768-1772 
and cardiac edema, 232 
and collagen turnover rate, 848 
of erythrocytes. See Erythrocytes, 
aging 
and glomerulus, function, 1108 
permeability to hernoglobin, 1172 
and glucose reabsorption, 1108 
in glycogen storage disease, 1843 
and hydroxyproline excretion, 848 
inclusion conjunctivitis, 
1051* 
and labile seru:n factor, 15 
and lipids, 1022* 
and = phenylalanine — metabolism, 
1761-1763 
and phosphatase component pat- 
terns, 1026* 
and plasma constituents, 725 
and pulmonary function in anemia, 
1325-1330 
and renal concentrating defect, 


and respiratory illnesses, 1052* 

reticulocytes, and methemoglobin- 
reducing systems, 1865 

and strontium dynamics, 1813 


ws 
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sulfobromophthalein removal, after 
birth, 1030* 

thyroid disease susceptibility, 1755 

and +e transport maxima, 

and virus infection susceptibility, 
1055*, 1875-1880 


Agglutination 


in atypical pneumonia, 1643-1644, 
after brucella inoculation, 1875- 


1880 
and erythroblastosis, 874-883 
erythrocytes, 1056*, 1061*, 1644, 
1657 
of gamma globulin complexes, 117- 


and LiAlH,-treated endotoxin, 
1940, 1945 

in lupus erythematosus, 1874-1876 

in pernicious anemia, 1658, 1660 

of platelets, genetic control, 1597- 
1620 

rheumatoid factor, complexes, 121, 
124, 127, 


Alanine 


N-acetyl ethyl and ether- 
esterase, 679-68 

in albumin peptides, '822- 823 

in cerebrospinal fluid in mental 
defectives, 1366-1371 

in plasma, 1213, 1371-1372 


in sulfobromophthalein conjugates, 
Os 


Albumin 


acetrizoate binding, in rheumatoid 
arthritis, 1037* 
colloidal complex, in hepatic blood 
flow, 1346-1354 
cortisol binding, 1665-1670 
and glucose oxidation, 485-487, 
1024* 
intravascular, after plasmapheresis, 
603-610 
in lymphatic flow, 222-233 
metabolism, 1036* 
and cortisone, 545-554 
and dextran, 494-508, 545, 554 
naphthalene binding, 510-514 
peptide difference between A and 
B, 820-827 
pH 511, 514-515, 820, 


in See Plasma, albumin 
in pulmonary capillaries, 1074* 
quinidine binding, 510-514 
responses to, in nephrosis, 490-508 
in serum. See Serum, albumin 
sodium excretion after, 1050* 
synthesis, 545-554, 607-609 

in plasma-cell tumor, 1702, 1704 
and thyroid, 226, 1401 
turnover, 1059*, 1704 

in normal mice, 1698-1699, 1704 
tyrosine reactions, 822 
urinary excretion, 226 

in potassium depletion, 2216-2222 
and venous hematocrit, 1036* 


Alcohol 


dehydrogenase, 1398-1400 
and galactose metabolic path- 
way, 2022-2023 
and glomerulonephritis, 1527 
and quinidine-albumin binding, 512 


and water balance, 2217-2224 


Aldolase, in muscular dystrophy, 


1070* 


Aldosterone 


and digitalis steroids, 314-315 
and glomerular filtration rate, 904— 
906 
kaliuresis, 910 
metabolism, 72-80 
after norepinephrine, 343-345 
in plasma. See Plasma 
and progesterone, 1256, 1257 
and renal responsiveness, 904-906, 
910 
in potassium depletion, 2217-2224 
secretion, 198-203 
after adrenocorticotropic hor- 
mone, 580, 1253, 1260, 1468- 
1473 
and angiotensin, 1065*, 1259, 
2026-2042 
and baroreceptors, 1160-1171 
and blood flow, 1165, 1170 
after blood loss, 201, 579-585, 
684, 685-687, 1065* 
and celiac axis constriction, 1167 
in Cushing’s syndrome, 1253- 
1262 


after hepatectomy, 689-694 

in hypertension, 414, 417, 1253, 
1257, 2026-2042 

after hypophysectomy, 579-585, 
686-687, 691-694, 1065*, 1467- 
1473, 2028 

and kidney extract, 1467-1473 

and mesenteric artery constric- 
tion, 1167 

after nephrectomy, 198, 689-694, 
1467-1473, 2027-2029 

and renin, 694-695, 1065*, 2026- 
2042 


and thoracic caval constriction, 
196-204, 693, 1161, 1165-1167, 
1466-1474 
and sodium, 1068* 
depletion, 157, 907, 2047 
homeostasis, 1046* 
reabsorption, 314-315, 910, 2103- 
2110 
transport by toad bladder, 2103- 
2110 
stimulating hormone, 684-696, 
1466-1474 
synthetic pathway, 1257, 1260-1261 
tetrahydro derivatives, 339 
after transfusion, 580 
after triparanol, 1063* 
turnover rate, 78 
urinary 
after angiotensin, 339-342 
after epinephrine, 343-345 
after glucose, 339-341 
and intravascular volume, 1049* 
after norepinephrine, 339, 343- 
45 
after phenylephrine, 341-342 
and urinary pH, 904-905, 908 
and vasopressin response, 156, 157 
and water clearance, 152-158, 904— 
908, 2043 
after spirolactones, 2047 


Aldosteronism, and fluid and elec- 


trolyte analysis, 416-422 
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Alkaline phosphatase. See Phos- 


phatase, alkaline 


Alkalosis 


and bicarbonate, 1247, 1291 

and cardiac output, 

and forearm blood flow, 42 

hyperventilation induction of, 1301 

and peripheral resistance, 42 

in potassium deficiency, 2219-2224 

and glomerular filtration, 
5 

and renal citric acid excretion, 
1290-1296 

after sodium bicarbonate, 42 

vasodilation production of, 39, 1301 


Aluminum hydroxide, and thrombo- 


plastin-generating activity, 807, 
809, 1012-1013, 1016 


Alveolus 


and arterial gas differences, 105- 
115, 286-294 

and capillary carbon monoxide ex- 
change, 1323-1330 

carbon dioxide, 830-833, 1505-1509 

and erythrocyte gas movement, 
1323 


and lung compliance, 356 
oxygen tension, 106-108, 113-115, 
354, 1325-1330 
perfusion, 1793 
and redistribution of inspired 
air, 832 
and pulmonary diffusing capacity, 
325-1330, 1495-1514, 1777- 
1783, 1792 
ventilation, 333-336 
and arterial carbon dioxide ten- 
sion, 830, 1298, 1302 
in hyperthyroidism, 354, 357, 361 
volume, 1074*, 1512, 1523, 1783 
nitrogen concentrations, 333- 
36 


American Society for Clinical In- 


vestigation 
proceedings of fifty-third annual 
meeting, 1019-1091 
papers presented, 1022*-1091* 
technical exhibits, April, ii 


Amethopterin, and folic acid, 1052* 


and phenylalanine metabolism, 


1743-1750 


Amino acids 


See also under specific names 
aberrations, and hemoglobin oxy- 
gen affinity, 1832 
and acid-base balance, 1046* 
in albumin peptides, 822-823, 826 
ammonia excretion after, 219-220 
in cerebrospinal fluid of mental 
defectives, 1363-1372 
conjugation, in uremia, 1208-1216 
and ether-esterase, 679-681 
excretion, in cystinuria, 1040* 
insulin sequences, 2193-2198 
intake, 
and growth hormone, 249 
and hydroxyproline excretion, 
845 


synthesis from acetate, and testos- 
terone, 1089* : 

thyroid content after thyrotropin, 
1076* 

transport. intracellular, 1089* 

protein metabolism index, 1054* 
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renal tubular, 1080* 
a-Aminobutyric acid, in cerebro- 
spinal fluid of ‘mental defec- 
tives, 1366-1371 
e-Aminocaproic acid, and postpros- 
tatectomy bleeding 1077* 
Aminocarboxybutylpenicillin, an- 
tistaphylococcal effectiveness, 
783-793 
side effects, 783-784 
o-Aminohippuric acid, urinary ex- 
cretion in pregnancy, 618-623 
a-Aminoisobutyric acid, 1054* 
in cerebrospinal fluid in mental 
defectives, 1366-1371 
in phenylketonuria, 1761-1762 
Aminolevulinic acid 
in hereditary anemias, 1058* 
porphobilinogen from, and starva- 
tion, 1048* 
a-Amino nitrogen, excretion, 845 
acid, 783-784, 


Aminophylline 
— and urine osmolarity, 733- 
and pulmonary mechanics in edema, 
665-672 
and renal concentrating ability, 
1072*, 1479, 2049 
Aminopyrine, and ascorbic acid for- 
mation, 1026* 
Ammonium 
in blood, 217-220 
hepatosplenic schistosomiasis 
mansoni, 1088* 
and pH, 32-42, 1064* 
carbonate, and protein excretion, 
527-529 
chloride, 166-168, 219, 527-529 
and forearm circulatory re- 
sponses, 32-41 
in hyperparathyroidism, 720 
side effects, 34, 39 
excretion, 217-220, 574, 577, 1046* 
in hypercapnia, 1224-1249 
species differences, 1236 
after lactate, 217-220 
after phosphate loading, 166- 
68, 573-578 
and urine pH, 219, 529, 573-578 
and glutamine release in uremia, 
1211 
metabolism, 1029* 
after hyperammonemia  induc- 
tion, 215-221 
in kidneys, 215-221, 1026* 
Amniotic fluid, estriol conjugates, 
1085* 
Amobarbital, and electron transfer, 
1032* 
Amphotericin 8, hematotoxity, 1079* 
Amy] nitrite, and arterial rigidity, 
933-939, 1917-1920 
Amylo-1,6-glucosidase, in glycogen 
storage disease, 1844-1845 
Amyloidosis, gamma globulin metab- 
olism, 1926-1934 
Androgens, 1063*, 1088* 
See also specific substances 
and cortisol synthesis in hirsutism, 


3,5-Androstadiene-118-0l-17-one, 
1097* 


2249 


5-Androstene-3,16-diol, 1925* 
4-Androstene-3,17-dione, 950, 951 


and triphosphopyridine nucleotide 
oxidation, 1041* 


Androsterone 


glucuronide, 952 
plasma concentration, 948-953 
in etiocholanolone fever, 400-407 
and triphosphopyridine nucleotide 
oxidation, 1041* 


Anemia 


after amphotericin B, 1079* 

aplastic, 2011 

erythrocyte copper content, 2011 

and gas exchange, 1323-1330 

and heme synthesis, 1058* 

and globin synthesis, 1068* 

hemolytic, serum factors of ac- 
quired, 181-187 

hepatosplenic schistosomiasis man- 
soni, 1088* 

hereditary, 1058* 

and hypocatalasemia, 2199-2201 

iron deficiency, 2011 

macrocytic, 1024*, 1066*, 1084*, 
1091, 1656-1662 

megaloblastic, 1066*, 1091* 

orotic aciduria, 656 

oxyhemoglobin dissociation, 1064* 

pernicious, 1024*, 1066*, 1656-1662 

Schilling tests, 1565-1661 

after phlebotomies, 1884 

after portacaval shunt, 1418, 1419 

and pulmonary diffusing capacity, 
1325 

pyridoxine-responsive, 2011 

refractory, 70, 1051*, 1661 

regenerative macrocytosis, 1084* 

sickle cell, 1058*, 1831, 1856-1871 

and vitamin Bu, 1024*, 1656-1662 


Anesthesia, 1036* 


and fatty acids, 1381 
and hepatic blood flow, 592, 594, 
596 


effects, 831 
in pulmonary edema, 665-672 
and splanchnic hemodynamics, 593- 
595 


Angina pectoris, 1082* 


after erythroi tetranitrate, 1219- 
1221 
Angiotensin II 
and aldosterone, 338-347 
secretion, 340-341, 1065*, 2029- 
2031 


assay procedure, 1025* 
and blood pressure, 340-341, 1090*, 
1994-1996, 2026-2042 
and corticosterone excretion, 2029 
and free fatty acids, 1994 
half-time, 1090* 
17-hydroxycorticoid secretion, 
1065* 
metabolism, 1090* 
Anions, 1028* 
See also specific anions 
diuresis, after carbon dioxide ex- 
posure, 1224-1236 
Anoxia. See Oxygen 
Antibiotics 
See also specific substances 
and staphylococci, 24-29, 783-793 
Antibodies 
in allergic encephalomyelitis, 1070* 
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Antibodies (cont'd) 
and amphotericin B, 1079* 
and ——, 1023*, 1280, 1875- 
6 


in atypical pneumonia transmission, 
1638-1647 


after brucella inoculation, 1875- 

in colitis, 2126-2133 

complement-fixing, 517-524, 1043*, 
612 


and post-transfusion purpura, 
1597-1620 
in connective tissue diseases, 520 
after cortisone, 794-798 
and Eaton's agent, 1076*, 1638- 
1647 


in eosinophilia transfer, 1059* 
erythrocytes, 879, 1656-1660 
in anemia, 182-184 
sensitization, 1056* 
ester-esterase and complement-es- 
terase uptake, 678-681 
formation, 1056* 
auto-, 184, 1043* 
gamma globulin 
rheumatoid 
125-126 
glomerulonephritis, 1526-1527, 1876 
glucagon, 1280-1289 
heat lability, 521 
hog intrinsic-factor 
70, 1656, 1661 
insulin binding, 799-802, 1672-1673 
after beef-pork mixtures, 1803- 
1808, 2190-2198 
Fisher-Cambridge insulin com- 
parison, 2190-2198 
after LiAlH, treatment, 1945 
in liver disease, 1043* 
luetic infections, 519-523 
lupus erythematosus, 520-524, 1857- 
1880 


factor specificity, 


preparation, 


measles-virus vaccine, 1062* 
mitochondria, 1032* 
placental transfer, 879 
platelets 
dissociation and pH, 1607 
genetic control, 1597, 1620 
R-1 uromucoid, 1456-1464 
in rheumatic diseases, 519-523, 
1872-1881 
in serum. See Serum, antibodies 
specificity, 182, 517-524, 879, 881, 
1608-1609, 2190-2198 
in streptococcal disease, 1526-1527, 


synthetic polypeptides, 1042* 
to thyroglobulin, 1875-1880, 2126- 
2133 


transfer to recipient cells, 1076* 
and platelet destruction, 2137- 
2142 
in post-transfusion purpura, 1597— 
1620 


viruses, 1051* 
influenza, 1876, 1879-1880 
syncytial, 1052* 
vesicular stomatitis, 1081* 
Antidiuretic hormone. See Diure- 
sis 
Antigens 
and antibodies. See Antibodies, 
under specific antigens 
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Boivin, 1935-1951 

brucella, 1872-1876 

calf thymus, 518-520 

in eosinophilia transfer, 1059* 

epitype modification with LiAlH,, 
1945 


erythrocytes, 182, 878, 1061*, 2013 
in fresh and stored blood, 1605- 
1606 
and hog intrinsic factor blockage, 
68, 70, 1656, 1661 
and insulin, 1807 
in leukocytes, 1023* 
pneumococcus polysaccharide, 70 
in saliva, 68, 1612 
sensitivity transfer, 703 
specificity, 1040*, 2162-2170 
skin cell transplant, 1035* 
thyroid, 96 
Antihemophilic factor, 746-747, 800, 
803, 813, 1011, 1017 
and Christmas factor activation, 
074* 


in defibrination syndrome, 1053* 
after hexadimethrine bromide, 
1421-1429 
and protamine, 1421-1429 
and temperature effects, 1008-1009, 
015 
Antimycin A, and thyroid iodina- 
tions, 1402, 1408 
Antipyrine 
blood-cerebrospinal 
1064* 
and phenylalanine 
1761-1763 
Aorta 
and arterial rigidity index, 1916- 
1917 


fluid 


barrier, 


metabolism, 


atherosclerotic plaque induction, 
1139-1152 

and blood viscosity, 319, 1088* 

distensibility, and arterial rigidity 
index, 1919 


and pulmonary hemodynamics, 319- 
320 


receptor denervation and intracar- 
diac pressure, 564-572 
stenosis, in hyperthyroidism, 349 
thrombotic process in hypercholes- 
terolemia, 1139-1152 
tortuosity, 936, 1919 
volume-pressure relations, and age, 
933-938 
Arachidonate, in liver disease, 1025* 
Arfonad. Sce Trimethaphan 
Arginine 
in albumin peptides, 822 
benzoyl-cthyl ester, 
679-681 
in cerebrospinal fluid of mental 
defectives, 1366-1371 
and electrolyte metabolism, 1046* 
reabsorption, in cystinuria, 1040* 
Arsenate, effect on platelets, 45, 47 
Arteriosclerosis 
See also Atherosclerosis 
and arterial rigidity, 933-939 
and cerebrospinal fluid amino 
acids, 1364-1371 
and coronary artery occlusions, 938 
fibrous, glomerulonephritis, 1540 
hydroxyproline concentration, 178 
and hypertension, 1920 


hydrolysis, 


obliterans, thromboplastin activity, 
1006-1018 
urine concentration “in, 1562-1563 
Arthralgia, 1038* 
and glomerulonephritis, 1527 
serum antinuclear factors, 


Ascites, 1088* 

thyroxine disappearance in, 1001 
Ascorbic acid 

and bilirubin in aqueous. solution, 

1448-1449 

and copper-protein, 1081* 

and folic acid activity, 84-86 

and glucose oxidation, 915-923 

and Lactobacillus casei growth, 


2127- 


synthesis, and chlorobutanol, 1026* 
Asian influenza, transmission, 1645 
Asparagine 

in mental defectives, 1366-1372 

and serum folic acid activity, 89 

in uremia, 1213 
Aspartate carbamyltransferase 

and 6-azauridine, 1911 

of erythrocytes in orotic aciduria, 

660, 661 
Aspartic acid, 1213, 1371-1372 

in albumin peptides, 822 

and electrolyte metabolism, 1046* 

in orotic aciduria, 661 
Aspir’ in rheumatic fever, 1037* 

.erbations included by, 1893- 


Asthma, and oxygen cost of breath- 
ing, 
Atelectasis, after pulmonary occlu- 
sion, 833, 834 
Atherosclerosis 
See also Arteriosclerosis 
and cholesterol, 898, 1143 
thrombogenic etiology, 1139-1152 
Atrium 
and intracardiac pressure, 564, 567 
septal defect, 53 
cardiorespiratory effects, 
321, 326, 972, 1432-1440 
and thyroxine-binding globulin, 
2063 
Atropine, cardiorespiratory effects, 
1031*, 1788 
Autotransplantation. 
plant 
6-Azauracil, 1073*, 1912 
6-Azauridine, 1073* 
and orotic aciduria, 1906-1914 
Azotemia, 1029* 
and glomerular changes, 1548 


B 


Bacilli. Sce Endotoxin 
Barbiturates 
and ascorbic acid formation, 1026* 
half-life in plasma, 1798 
prothrombin response after cou- 
marin, 1797-1802 
Barium sulfate 
cardiorespiratory _ effects, 
1788, 1791-1794 
and clotting factors, 15-16, 19, 809, 
815, 1015-1016 
Behavior, and renal function, 1115 
Benzypenicillin, antistaphylococcal 
effectiveness, 783-793 
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Bicarbonate 

and acid balance, 33, 1076*, 1247, 
1291, 1623-1626 

in bile, 1072* 

and carbon dioxide, 32, 574, 1224- 
1239, 1266-1267 

and citrate clearance, 1291, 1293 

excretion, 575, 1046*, 1230, 1235, 
1247 

and forearm blood flow, 32 

metabolism, 1080* 

and peripheral resistance, 32 

in plasma. Sce Plasma 

reabsorption, 1235 

retention, in respiratory  insuffi- 
ciency, 1028* 

turnover time, 1080* 

Bile, 1442-1452 

bicarbonate in, 1072* 

canaliculi, microvilli loss, 1023* 

flow, cholinergic blockade, 1072* 

peritonitis, and pituitary glucose 
metabolism, 267 

in pruritic jaundice, 1028* 

pyrogenicity, 1069* 

Bilirubin, 1068* 

in aqueous alkaline solutions, 1446- 
1449 


crystallinization method, 1442-1452 
dipyrrolic compounds from, 1449 
formula, 1651, 1654 
glucuronide precipitation, 1448 
hereditary spherocytosis, 1080* 
and plasma clearance of indocy- 
anine green, 1651 
in sickle cell anemia, 1857 
storage, 1448 
synthesis in refractory anemia, 
1051* 
transport of conjugated, 1023* 
Biscoumacetate, 1788-1799, 1801 
Bishydroxycoumarin 
half-life in plasma, 1801 
and proconvertin, 1017 
and prothrombin response, 808, 
1034* 
and barbiturates, 1797-1802 
for brain and lung thromboplas- 
tin, 212 
in labile serum factor defect, 19- 
20 
and Stuart factor, 1017 
and thromboplastin, 19, 1007-1017 
Bladder, toad, 1032*, 1039*, 2103- 
2110 


ammonia, 42, 217-220, 1088* 
anticoagulants. Sce specific sub- 
stances 
arteriovenous concentration differ- 
ences, 218, 1713, 2111-2125 
carbon dioxide, 1080*, 1218, 1220 
after dry heat exposure, 1078* 
free fatty acids, 1382-1383 
and insulin, 2099 
norepinephrine-like 
1387-1393 
oxygen, 105, 112-115, 216-220, 
627, 830, 836-841, 1030*, 1064*, 
1075*, 1077*, 1218, 1220, 1299, 
1416 
carbon dioxide tension, 31-43, 106— 
108, 596, 832 


material, 


~ 
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catalase activity assay in Japan- 
ese, 2199-2208 
cerebrospinal fluid barrier, 1064* 
to cortisol, 1997, 1999 
coagulation, 211, 1006, 1015, 1016, 
1050*, 1421, 1601 
antihemophilic factor, 746-747, 
800, 803, 813, 1015, 1017, 1053*, 
1074*, 1426-1429 
and bishydroxycoumarin, 19-20, 
207, 808, 1033*, 1797-1802 
and carboxymethylcellulose, 808 
and cephalin-calcium mixture, 
807-810 
Christmas factor, 680, 803, 813, 
1074* 


See also Blood, coagulation, 
plasma thromboplastin com- 
ponent 

defibrination syndrome, 1053* 
fibrinolytic system, 813, 1050*, 
1053*, 1082*, 1424 
after hexadimethrine bromide, 
1423-1424, 1426-1429 
labile serum factor defect, 13-22 
plasma thromboplastin, 13-21, 
744, 745, 1007-1018, 1427- 
1428 
—_ and lung difference, 208- 
4 


plasma thromboplastin antece- 
dent, 747, 803-819, 1041*, 
1074*, 1087* 
plasma thromboplastin compo- 
nent, 16-19, 746, 803, 817, 
1041*, 1074* 
proaccelerin, 749-750, 1008, 1015, 
1017, 1053*, 1074* 
and proconvertin activity, 743- 
751, 1007, 1017, 1034*, 1074* 
after protamine, 1421, 1423-1424 
and prothrombin, 211, 813, 10i13- 
1017, 1074*, 1797-1802 
Stuart factor, 16-20, 749-750, 
813, 1017, 1034*, 1041*, 1057*, 
1074* 
and thrombin, 744-745, 1050* 
cord, 18-19, 876 
erythrocyte copper and erythro- 
cuprein, 2011 
estriol conjugates, 1085* 
genotypes, 876 
hemolytic disease, 874, 879, 881 
and hog intrinsic factor concen- 
trate, 67, 69 
maternal, and incompatible in- 
fants, 878, 879 
glucose, 1267-1269, 1706~1717, 
1738-1739 
in diabetes, 268-270, 1068*, 1675 
after epinephrine, 368, 2171-2179 
fasting, 369-370 
after galactose injection, 2019- 
2023 
after glucagon, 369-372, 1286 
and growth hormone, 248, 250 
and insulin, 173, 266, 1022*, 
1675, 1710-1717 
in liver glycogen disease, 367-368 
after norepinephrine, 2171-2179 
after pancreactectomy, 266 
and pyruvate metabolism, 1068* 
and urinary losses, 2180-2189 
in leukemia, 159-164, 426-432 
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neurohumoral factors, 1887-1889 
oxygen, 1077* 
and exercise, 112-115, 1030*, 
1064* 
in hyperammonemia, 216-220 
in kidney disease, 836-841 
in lipemia, 626-627 
in old and young erythrocytes, 
638-641 
and oxyhemoglobin, 638-642, 
1828, 1831-1833 
saturation, in lung embolism, 
1787-1794 
serotonin effect, 1077* 
pH, 138, 527, 1027*, 1046* 
and acid balance, 33, 574, 1623- 
1624 
and breathing room air, 1827 
and circulatory responses, 31- 
43, 1301 
after endotoxin, lethal doses, 
1632-1633 
after erythrol tetranitrate, 1220 
in hyperammonemia, 216-220 
in hyperthyroidism, 355 
and hyperventilation, 35-38, 41, 
5 
= phenoxybenzamine, 34, 35, 


after phosphate loading, 574 
and protein metabolism in kid- 
ney, 527-535 
after sodium chloride, 33, 575 
phenylhydrazine effects, 140, 1735- 
1742 


primaquine effects, 133-140 

quinidine levels, 63, 64 

storage, 1063*, 1178-1184, 1185- 
1193 

sugar. See Blood, glucose 

transfusions, 1039* 

isosensitization after multiple, 

184 


platelet hemostatic effectiveness, 
1035* 

post-transfusion purpura, 1597- 
1620 


and pressure after trimethaphan, 
1883 


and pulmonary diffusing capac- 
ity, 1327-1330 
thrombocytopenic bleeding, 1035* 
tyrosine, after amethopterin, 1744- 
1747 


urea nitrogen 
in anaplastic carcinoma, 1089* 
after endotoxin, lethal doses, 
1633 
in glomerulonephritis, 1543, 1544, 
1548-1549, 1558-1595 
after glycine, 1488 
after growth hormone, 245-247, 
250 
in hypertension, 409, 412 
in hyponatremia, 868, 871 
in post-streptococcal infection, 
1528-1529 
velocity, 2112-2120 
through two lungs, 323 
venous, 63, 565-572 
in emphysema, 292-293 
vessels. See Vascular system 
volume, 684, 1439, 1792 
and anesthesia, 592-598 
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Blood (cont'd) 
and body position, 377, 378 
and cardiac hemodynamics, 320- 
325, 375-385, 564-592, 
1432-1440, 1888 
and indicator dilution, 2111-2138 
intrathoracic, 356 
and iron radioactivity loss, 1157— 


158 
pulmonary, 317-328 
Blood flow 
and acetylcholine, 106-108, 113, 115 
adrenal, 687-688, 692-694, 1165- 
1167, 1257-1258, 2034 
body position effects on, 1062* 
after bretylium, 1062* 
bronchial, 113, 323 
and tissue proliferation response, 
1077* 
cerebral, 39, 41 
and hypocapneic and hypercap- 
neic response, 1297-1301 
time measurement, 1059* 
in congenital heart disease, 1062*, 
1432-1440 
coronary, 1220-1221 
after amine oxidase inhibitor, 
1077* 
and dry heat exposure, 1078* 
after erythrol tetranitrate, 1220- 
1221 
and epinephrine, 163, 1022°, 1044* 
and exercise, 163, 378-376 1066* 
in lipemia, 624-630 
in extremities, 33-42, 
1022* 
thermoregulatory fusiction, 2111- 
2113 
and fasting, 624-630 
after guanethidine, 1062* 
— effects of cessation, 
5 


378-379, 


hepatic, 1075*, 1346-1354, 1413- 
1420 


during anesthesia, 592-598 
and glucose, 1063*, 1707-1709, 


heterogeneity, 2118-2125 
and humidity, 2111-2113 
in hypercapnia and hypocapnia, 35- 


intestinal, 624-630 
autoregulation, 1084* 
and intracardiac pressure, 564, 567 
and ischemic necrosis, 1548 
in lipemia, 624-630 
measurement techniques, 1-12, 648, 
1346-1354, 2111-2122 
determination of uneven, 1727- 
1734 
medullary, 147 
antidiuretic 
2215-2224 
myocardial, 624-630, 1050*, 1078* 
after 1044*, 1166- 
116 


hormone _ effect, 


phasic changes, 2118-2225 

after phenoxybenzamine, 33, 35 

platelet random _ disappearance, 
2134-2142 

portal venous, 1413-1420 

pulmonary, 1-12, 1056*, 1057*, 
1432-1440, 1727-1734, 1786 

diffusing capacity, 1779-1783 
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in hyperthyroidism, 353-354, 357— 
358 


one-sided mixed venous obstruc- 
tion, 828-835 

in pulmonary embolism, 1787- 
1790 


renal, 41, 1044*, 1062* 
and ammonia release, 215-221 
after deoxycorticosterone, 1057* 
in hyperammonemia, 216-220 
in kidney disease, 837-841 
and renin-angiotensin system, 2039 
role of blood pH, 31, 1301 
shunts, 1062*, 1439 
nitrogen washout, 1732 
portacaval, 1075*, 1350, 1413, 
1420 
splanchnic, 41, 597 
velocity, 163-164, 1050* 
atrium and brachial artery transit 
time, 319-320 
, through both lungs, 323-324 
and venous tone, 1036* 
Blood vessels. Sce Vascular system 
Body 
creatine turnover time in muscular 
dystrophy, 852-856 
and growth hormone in premature 
infants, 244-247 


iron stores, in hemochromatosis, 


position. See Posture 
and strontium distribution, 1810, 
1814, 1816 
and venous hematocrit ratio, 1036* 
Bone 
calcium, 1033*, 1814-1815 
excretion after maturity, 1770 
metabolism, 2085-2091 
retention, and vitamin A, 1035* 
uptake, after injection, 1773 
formation, 1812, 1817, 1818 
in hyperparathyroidism, 440-444 
postmenopausal osteoporosis, 
1817 


hexosamine synthesis, 1033* 
in hyperparathyroidism, 440-444 
marrow, 1045* 
erythrophagocytosis, 772 
iron, 1155-1158 
plasma clearance, 653-654, 766 
storage, 766-767 
uptake, after chloramphenicol, 
1038* 
megakaryocytes, 1597 
in orotic aciduria, 656 
and transferrin absorption, 2143- 
2152 
mineral content, 433-444 
solubility, and pH, 2088 
parathormone _ response, 
1070* 
phosphorus retention, 1035* 
resorption, in anaplastic 
noma, 1089* 
sodium, in hyponatremia, 868, 870 
strontium dynamics, 1809, 1812, 


1033*, 


carci- 


8 
and urine pool, 1812-1814, 1819- 
1823 


Brain 
allergic encephalomyelitic 
fer, 


trans- 


amino acids in cerebrospinal fluid, 
1364-1371 

ammonia concentration, 218-219 

blood flow, 39, 41, 1059*, 1297-1301 

buffer capacity of carbon dioxide 
in, 1067* 

Coxsackie B: virus, and cortisone, 
1055* 

erythrocuprein, 2011-2014 

protein synthesis in Venezuelan 
equine encephalomyelitis, 1044* 

sulfobromophthalein conjugation, 


thromboplastin activity, 205-214 
Bretylium, 1062* 
tosylate, in lung embolism, 1787- 
1788, 1791-1794 
Bromide, sulfobromophthalein re- 
lease, 981, 985, 987 
Bromsulphalein. See Sulfobromo- 
phthalein 
Bronchiectasis, gas clearance rates, 


Bronchiolitis, and syncytial virus, 
052* 


Buffer 

ascorbic acid neutralization, 916 

carbon dioxide capacity as, 1067* 

cysteine neutralization, 916 

erythrocytes, 917 

copper fractionation, 2012 
glucose-6-phosphate activity, 613— 

614, 1083* 

and ether-esterase activation, 677 

and folic acid activity, 82-85, 1692- 
1694 

and glucose oxidation, 917 

and glucose-6-phosphate dehydro- 
genase activity, 919, 1083* 

hemoglobin response, 181, 191, 
921, 1045*, 1827-1828, 1831 

inosinic acid and adenosine diphos- 
phate separation, 1185, 1187 

intracellular systems, 1067*, 1076* 

iodotyrosine formation, 1032* 

methemoglobin dissociation, 1830- 
1831 


pH, 919, 1045* 
and albumin mobilities, 824-826 
gamma globulin dissociation, 117- 
121, 127-128 
for glutathione oxidation, 456 
heme synthetase fraction assay, 
189 


hippuric acid elution, 1213 

and hyaluronidase, 2153-2161 

and isoagglutinin fractionation, 
875 


and ‘Lactobacillus casei growth, 
after phosphate loading, 90, 166- 
168 


and 6-phosphogluconic dehydro- 
genase activity, 919 

and serotonin redox effect, 48-50 

serum pyrogenicity, 1027* 

thyroid-stimulating hormone bio- 
assay, 96-101 

and thyroxine 1379, 
2056-2057 

and transferrin iodination, 2143- 
2152 


binding, 


and triphosphopyridine nucleo- 
tide oxidation, 919-920 


i 
7 
— 
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. 


for urine fractionation, 1453 
ard plasma clotting time, 807-808, 
812-813 
conjugation, 
9 


Tris( hydroxymethyl) aminometh- 
ane, 1047* 
in transferrin iodination, 2143- 
2148 


Burns 


antibody formation, 521 
urine sodium-solute ratio, 1043* 


Cc 


in bone, 1033*, 1770, 1773, 1814- 
1815, 2085-2086 
citrate binding, 726, 727 
and clotting time, 208-214, 745, 
750-751, 808, 1075* 
and endotoxin degradation, 307 
and erythrocytes, primaquine treat- 
ment, 135, 136 
excretion, 1341, 1623, 1770, 1773 
and cortisone, 1066* 
and ethylenediamine tetraacetate, 
1073* 


Calcium 


in glomerulonephritis, 1526, 1527 
in hypercalcemia, 719 
in hyponatremia, 870 
in hypoparathyroidism, 1070* 
in Wilson's disease, 1074* 
intrinsic factor binding, 1981-1982 
metabolism, 719, 1066*, 1087*, 
1766-1774 
heat inactivation effects, 2085- 
2086 


and parathyroid hormone, 2083 
species differences, 1344, 1772 
and strontium, 234, 1819, 1340- 
1345 
after sulfate infusion, 238-239 
and vitamin By, 1982 
and vitamin D, 717, 718 
mobilization and hexosamine syn- 
thesis, 1815 
and renal concentrating ability, 
718-722, 1073* 
and parathyroid secretion, 1064* 
and phosphate, 169, 726, 727, 1064* 
and serotonin, 50, 51 
plasma. See Plasma 
protein binding, 240, 728-729, 1087* 
turnover rate, in bone and _ soft 
tissues, 1772-1773 


Cancer 


calcium excretion, 1772 

Coxsackie B; virus activity, 1055* 

defibrination syndrome, 1053* 

and endotoxin febrile responses, 
298 


hypercalcemia in anaplastic, 1089* 
plasma lipids and dietary intake, 
* 


and pulmonary diffusing capacity, 
1779-1783 
serum R-1 substance, after anti- 
R-1, 1461-1462 
Capillary 
and alveolus, 1497 
carbon dioxide exchange, 1323- 
1330 
nitrogen concentration, 1731 
oxygen tension differences, 114 
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blood flow, 114, 353-354, 1046*, 
1301, 1507*, 1727 
blood volume, 1323 
in congenital heart disease, 1431, 
1433, 1436-1440 
in glomerulonephritis, 1532, 1536, 
1543, 1566, 1574-1575 
Bowman's capsule adherence, 
1580-1581, 1588-1589 
endothelial cells, 1545, 1560-1561 
polymorphonuclear neutrophiles, 
1562-1563, 1580, 1582-1585 
hemoglobin carbon monoxide re- 
action time, 1502 


Carbamylaspartic acid, 1073* 


in orotic aciduria, 661 


Carbazole, and erythrocyte storage, 


1186-1193 


Carbohydrate 


in adipose tissue, and thyrotropin, 
476-487 

in Boivin endotoxin, 1937-1938 

dietary intake, 1048*, 1084* 

gamma globulin fraction assays, 


metabolism, 1084* 
in anterior pituitary tissue, 261- 
272 


and catechol amine excretion, 
174-175 

after 2-deoxy-p-glucose infusion, 
171-176 

in diabetes, 261-272 

in erythrocytes, during storage, 
1063* 
inosine, added, 1178-1193 

after glucose infusions, 261-272, 
1706-1718 

and growth hormone, 249 

and insulin, 173-175, 261-272 
ae? portacaval shunts, 1706- 

1718 


myocardial, 1075* 
thyroid gland, 1394-1412 
and plasma fatty acids, 171-175, 
1084* 


Carbon dioxide 


and acid-base balance, 1947*, 1066*, 
1224-1236, 1242-1249 

and acetazolamide, 1626-1627 

adaptation, 1223-1237 

species differences, 1236 

alveolar, 830-834, 1502, 1505, 1508, 
1509 

and arterial pressure, 597 

arteriovenous difference, 1080*, 

, 1220 

back pressure, 1502-1506, 1511 

and bicarbonate, 32, 574, 1224-1239, 
1266-1267, 1272 

and blood pH, 35, 37 

buffer capacity, 1067* 

and cardiac output, 37, 41, 42 

cerebral vascular response, 1297- 
1303 

in diabetes, 1068* 

erythrocyte content in young and 
old cells, 636-642 

and ethanol, 1359-1361 

excretion, 834, 1266-1267 

after erythrol tetranitrate, 1218- 

1221 


and forearm blood flow, 35 


‘fumarate oxidation to, 1090* 
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galactose oxidation to, 2016-2025 
glucose oxidation to, 1264 
and insulin, 264-268 
via pentose phosphate pathway 
in erythrocytes, 914-924 
in thyroid glands, 1402 
and thyroid-stimulating hormone, 
483 


and hemoglobin, 1503, 1508 
after transfusion, 1328-1330 
and hepatic blood flow, 592-598 
in hyperthyroidism, 357 
and iodide, 1045*, 1402 
a-ketoglutarate oxidation to, 1090* 
and nitrous oxide, 595, 1057* 
output, and pulmonary occlusion, 
palmitate oxidation to, 1359-1361 
and phenoxybenzamine, 35 
and plasma free fatty acid and tri- 
glyceride activity, 1848 
and potassium deficiency, 1235 
and pulmonary blood flow, 1-12 
pulmonary diffusing capacity, 1506, 
1512 
anemia effects, 1325 
pyruvate oxidation to, 1090* 
in respiratory insufficiency, 1027* 
and splanchnic blood volume, 592- 
598 
and sulfobromophthalein clearance, 
596-598 
tension, 832, 1235, 1512, 1732 
and anesthesia effect, 595, 597 
circulatory, responses, 31-43, 
1297-1303 
after dextrose, 574 
in dyspnea, 1061* 
and exercise, 355 
after ferrocyanide, 574 
in hyperammonemia, 216-220 
in hyperthyroidism, 355 
intracellular pH, 1076* 
in mitral stenosis, 108 
after phosphate infusion, 574 
and pulmonary occlusion, 830- 


in respiratory insufficiency, 1027* 
after sodium infusion, 574 
and thyroid hormone, 1047* 
vasoconstrictive response, 597 
vasodilator effect, 1301 
and ventilation, 35-38, 832, 1512, 
1732 


Carbon monoxide 


alveolar-capillary exchange in ane- 
mia, 1323-1330 
diffusion, 829, 1775 
in congenital heart disease, 1432- 
1440 
and pulmonary blood flow, 1-12, 
1502 


Carboxymethylcellulose, plasma 


clot-promoting effect, 809, 812, 
815 


Cardiac output 


and acetylcholine, 107-108, 113 
after acid infusion, 33, 39 


and ammonium chloride, 32 
after atropine, 1787-1788, 1791- 
1794 


and autonomic tone, 555 
after barium sulfate, 1787-1788, 
1791-1794 
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Cardiac output (cont'd) 

after bicarbonate, 32, 33, 39 

and blood pH, 31-43 

and —s volume, 320-321, 375- 
85, 

after bretylium tosylate, 1787-1788, 
1791-1794 

and carbon dioxide tension, 31-43 

and digitalization, 52 

after erythrol tetranitrate, 1219- 
1221 

and exercise, 112-115, 375-385, 
1030* 


Fick and krypton methods, 646- 
648 


and filling pressure, 560, 1221 
in lipemia, 626-628 

and blocking agent, 556- 
56 

and guanethidine, 1033* 

and heart rate, 555 

and lactic acid, 32-41 

after lysergic acid, 1787-1788, 
1791-1794 

after a-methyl-3,4-dihydroxy-pL- 
phenylalanine, 1089* 

after oxygen breathing, 1032* 

after phenoxybenzamine, 33, 34, 40 

and posture, 378 

and pulmonary flow, 384, 1057*, 
1786 


and respiratory gas exchange, 107- 
108 


after sodium chloride, 33 

after trimethaphan, 1033*, 1884 

and trimethidinium, 560 

after vagotomy, 1787-1788, 1791- 
1794 


and valvular regurgitation, 320, 
4 


Cardiovascular system, 1033* 
and acetylcholine, 105-116 
and acetylstrophanthidin, 52-58 
after amine oxidase inhibitor, 1077* 
after barium sulfate, 1787-1788, 
1791-1794 
and bretylium tosylate, 1787-1788, 
1791-1794 
and erythrol tetranitrate, 1219- 
1224 
gallamine response, 555 
and 4-hydroxymethyl-6-methoxy- 
quinoline, 515-516 
quinidine effects, 60-65, 515 
squatting effects in Fallot’s tetral- 
ogy, 1062* 
sympathetic tone and myocardial 
function, 555-562 
and trimethaphan, 1033* 
and trimethidinium, 555-562 
Carotid artery 
constriction, and steroid secretion, 
1167 
denervation, 564 
electrolyte and steroid excretion 
after, 1160-1170 
Carotid sinus, denervation, 1160 
Cartilage 
colloidal surfaces, 2153-2161 
tracheobronchial and pulmonary 
airways, 1086* 
Casein 
and ether-esterase, 680 
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and hydroxyproline excretion, 846- 
84 


and serum lipids, 895 
Catecholamines 
excretion, 174, 256-259 
after deoxycorticosterone, 1057* 
in hyperthyroidism, 1033*, 1041* 
and regional resistance, 1062* 
synthesis after a-methyl-3,4-dihy- 
droxy-pi-phenylalanine, 1089* 
Catheterization 
cardiac, 1431-1433 
after digitalis, 53 
for pulmonary blood volume, 
317-328, 1431 
portal venous, directional flow 
studies, 1414-1415, 1420 
and urinary tract infections, 1038* 
Cations 
See also specific cations 
alkaline earth, renal clearance, 
1087* 
amino acids in hydrogen ion and 
potassium metabolism, 1046* 
arteriole content in hypertension, 
1924 
diuresis, and acid-base balance, 
1234, 1235 
erythrocyte permeability and he- 
molysis, 140 
exchange resin, 1083* 
and transferrin iron-binding ca- 
pacity, 2146-2152 
excretion after carbon dioxide ex- 
posure, 1224-1236 
intrinsic factor action dependence, 
1981 
movement after digitalis, 302-315 
Ceils 
See also Erythrocytes ; Leukocytes 
a-aminoisobutyric acid, in phenyl- 
ketonuria, 1762 
diffusion resistance, 


chromogens, 202, 1025*, 2028 
chromosome thymidine uptake, 
1041* 
connective tissue, after cortisone, 
2157-2161 
endothelial 
in glomerulonephritis, 1564— 
1565, 1580, 1594-1598 
epithelial, jejunal, 1058* 
erythropoietic, transferrin adsorp- 
tion, 2145-2150 
folic acid uptake, 1689-1693 
granulocytes, 159-164 
antimicrobial agents, 798 
and blood flow velocity, 163-164 
interstitial tissue, 1582-1585 
leukemic, and deoxyribonucleic 
acid, 1031*, 1055* 
lymphocytes, 1582, 1585, 2162-2170 
megakaryocytes, post- -transfusion, 
11 


mitoses, 1545, 1558-1563 

para-aminobenzoylglutamate up- 
take, 1691 

polymorphonuclear neutrophiles, 
1532, 1536, 1538, 1580, 1582- 
1585, 1594-1595 

Pseudomonas aeruginosa typing 
phages, 2066-2074 

reticulum, 768 


storage, and carbohydrate metabo- 
lism, 1063* 
strontium penetration, 1810, 1814 
Ceruloplasmin, in Wilson’s disease, 
445-453 
copper uptake, 707-714 
after estrogen, 1837 
exchange for ionic copper, 1834- 
1840 
turnover rate, 1836, 1838 
Cetyltrimethylammonium bromide, 
1457-1458, 1464 
Chloramphenicol, 790 
and aplastic anemia, 1036* 
and norepinephrine febrile reac- 
tions, 1046* 
staphylococci, susceptibility, 24, 29, 
2209-2214 
Chloride 
and ammonium excretion, 1246 
in arteriole wall in renal hyperten- 
sion, 1923 
and bicarbonate, 575, 1234-1236, 
1246 
biliary, secretin-induced, 1072* 
reabsorption, 1248 
and carbon dioxide tension, 1246 
excretion, 1048*, 1233-1234, 1248- 
1249, 1623 
after aldosterone, 905-907, 909 
and chlorothiazide, 862 
after deoxycorticosterone ace- 
tate, 1970 
and diurnal cycle of glomerular 
filtration rate, 1967-1977 
and low salt diet, 1971 
mercurial diuresis, 1480 
and taurocholate secretion, 1072* 
in gastric secretion, and acetazola- 
mide, 1035* 
intracellular, and potassium, 387, 
90 


mercuric, clot-promoting activity, 
814 

metabolism, in steady state, 1623- 
1624 

retention after mineralocorticoid, 
1057* 


and titratable acid excretion, 1246, 
1248 
toad bladder transport, 2105 
urine patterns, 283, 574, 1224-1249, 
4-1236 
Chlormerodrin, and renal cation 
clearance, 1087* 
Chlorobutanol 
and ascorbic acid formation, 1026* 
and hypo-prothrombinemia after 
acenocoumarin, 1797-1802 
Chloroform, and bilirubin, 1447- 
1449 


p-Chlormercuribenzoate, 1075* 

hemoglobin precipitation, 462-465 
Chloromercuriphenylsulfonate, and 

heme synthetase, 188 

Chlorothiazide 

and ammonia metabolism, 1029* 

carbonic anhydrase effect, 863 

in diabetes insipidus, 865 

and electrolyte excretion, 865 

and glomerular filtration rate, 860, 


and potassium metabolism, 1029* 
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renal concentrating ability, 857- 
866 


urate retention, 1312 
and water clearance, 858, 860, 865 
Cholesterol 
atherogenicity, 890 
— process, 1139- 


' degradation to bile acids, 1069* 
and desmosterol, 884, 885, 890-891 
' esters, 890, 1039*, 1084*, 1848 
intake, 894-900, 1084*, 1142 
in lipemia, 540-541, 543 
in liver, 1026, 2171-2179 
in nephrotic syndrome, 496, 502- 
507, 1203, 1207 
autoimmune transfer, 1048* 
and response, 2171- 
9 


in obesity, 1084* 
after palmitic acid injection, 1848- 
1851 


phospholipid ratio, 502-507, 537- 
544 


in plasma. See Plasma, cholesterol 

in rheumatoid disease, 1900 

in serum. See Serum, cholesterol 

synthesis, 884, 892, 1063* 

and thyroxine, 1001 

after triparanol, 885, 892 
Chondroitin sulfate : 

dermal, 2153-2155 

after hyaluronidase, 2153-2155 

half-time, 2156-2161 

liver uptake, 69 

and — precipitation, 1900- 


Christmas factor, 680, 803, 813, 
1074* 
See also Plasma thromboplastin 
component 
Chromium, for erythron life span, 
66 


Chylomicrons, in idiopathic hyper- 
lipemia, 1031* 
Chymotrypsin, and peptide patterns, 
822-823 
Cirrhosis, 1025* 
ammonia concentration in, 218, 


autoantibodies, 1043* 
biliary, 1043* 
erythrocyte copper concentra- 
tion, 2011 
fibrinolytic activity, 19 
hepatic blood flow, 1349-1354 
and portocaval shunt, 1075*, 
1413, 1419, 1420 
plasma fatty acids, 1084* 
potassium metabolism, 1028* 
serum labile factor defect, 19-22 
thyroxine disappearance rate, 1003 
Citrate 
distribution, 1723-1724 
in erythrocyte storage, 1063*, 
1178-1193 
and iodinations in thyroid glands, 
1398, 1399, 1406 
metabolism, 1291 
after fluoroacetate, 1721-1722 
plasma, 726, 727 
protein binding, 728-729 
and activation, 750- 
51 
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renal excretion, 1290-1296 
tubular reabsorption after aceta- 
zolamide, 1295 
turnover, 1725 
Citrovorum factor, excretion, after 
amethopterin, 1748 
Citrulline, 1026* 
in cerebrospinal fluid, of mental 
defectives, 1366-1371 
Coenzymes 
and glucose oxidation, 1401-1403 
and aa in thyroid, 1398- 


Colchicine, and jejunal epithelial 
cells, 1058* 
Collagen 
disease, connective tissue reactiv- 
ity, 2153-2161 
synthesis and hydroxyproline pep- 
tides, 847-849 
Colon 
antinuclear globulin tests, 2126- 
2133 


autoantibodies, 1043* 
Coma 
diabetic, 1067* 
and potassium metabolism, 1029* 
Common cold, and Reovirus type 
I, 1051* 
Conalbumin, and iron-binding ca- 
pacity, 2143-2145 
Connective tissue 
in collagen diseases, 2153-2161 
and deoxycorticosterone acetate, 
2153-2161 
diphosphopyridine nucleotide-cyto- 
chrome C_ reductase/oxidase 
ratios, 1032* 
Donnan potentials, 2153-2161 
dystrophic process, 1070* 
ground substance formation after 
cortisone, 2153-2161 
and hyaluronidase, 2153-2161 
inherited syndrome, coagulation 
defect specific, 1087* 
Copoly-glutamic acid-lysine, 1042* 
Copper 
ceruloplasmin, 707-714, 1834-1840, 
2014 


and endotoxin, plasma degradation, 


in erythrocytes, 2007-2015 
and iodination in thyroid, 1405- 
1411 
ions, 1834-1840 
glucose-6-phosphate, 612- 


in liver protein, 1081* 
metabolism, 1837-1839 
in Wilson’s disease, 445-453, 
Coproporphyrin, in hereditary ane- 
mias, 1058* 
Coronary artery 
and amine oxidase inhibitor, 1077* 
blood flow, 938 
after erythrol tetranitrate, 1220- 
1221 
disease, 1082* 
and calcium excretion, 1772 
and serum triglycerides, 542, 
1022* 
and sodium clearance, 1050* 
and ventricular pressure, 570-571 


Coronary sinus 


fatty acids, 1381-1385 

gas content and erythrol tetra- 
nitrate, 1218-1221 

quinidine levels, 60-65 


Corticosteroids, 1250-1262 


See also specific steroids 


Corticosterone 


plasma protein binding, 77, 78 
secretion, 201 
and adrenal adenoma, 1254- 
1255, 1259 
adrenal blood flow, 1165, 1170 
after adrenal transplant, 198 
after adrenocorticotropic hor- 
mone, 579-585, 1253, 1255, 
1260 
after adrenolumbar vein cannula- 
tion, 198 
after angiotensin II, 2026-2042 
and aortic arch baroreceptors, 
1165-1167 
and carotid denervation, 1165- 
1167 
and celiac axis constriction, 1167 
cervical vagotomy, 1165, 
0 


in Cushing’s syndrome, 1253- 
12 


after hemorrhage, 201, 579-585, 
685-686, 1065* 

in hypertension, 1253, 1260- 
1261, 2026-2042 

after hypophysectomy, 686-687, 
1065*, 1467-1473, 2028 

after kidney extract, 1467-1473 

aiter laparotomy, 198 

and mesenteric artery constric- 
tion, 1167 

after nephrectomy, 198, 1065*, 
1467-1473, 2028 

and renin-angiotensin system, 
2026-2042 

after splanchnic nerve section, 
1165 

after thoracic caval constriction, 
196-204, 1161, 1165-1167 

after thyrocarotid denervation, 


after transfusion, 580 
after transplantation of kidney, 
19 


after triparanol, 1063* 
synthesis, and progesterone, 1256, 
1257, 1260-1261 
turnover rate, 78 


Cortisol 


absorption, from jejunum to ileum, 
1079* 
adrenal secretion, 1253-1262 
and adrenocorticotropic hormone, 
1253, 1260, 1315-1322 
and aldosterone, 1668-1670 
and antidiuretic hormone, 1068* 
blood-cerebrospinal fluid barrier, 
1997-2006 
and Enovid, 1665-1670 
21-hemisuccinate, 1998-2004 
and host resistance, 794-798 
in idiopathic hirsutism, 1315 
lipid-solubility, 2003, 2004 
metabolism, 20, 2004-2005 
and thyroid, 1091* 
and urine excretion, 2004 


2255 
1064 
307 
| 
a6 
| 
| 
| 
| : 


2256 


Cortisol (cont'd) 
after angiotensin, 
342, 345 
after norepinephrine, 339 
plasma binding, 78-80, 2003 
in pregnancy, 1665-1670 
and progesterone, 1256, 1257 
and sodium excretion, 156 
synthesis pathway, 1260-1261 
turnover rate, 78 
and vasopressin response, 156 
and water clearance, 152-158 
Cortisone 
adrenal secretion, 1253-1262 
after adrenocorticotropic 
mone, 1253, 1260 
in hypertension, 1253 
and albumin metabolism, 545-554 
and calcium metabolism, 1065* 
in connective tissue diseases, 
ground substance formation, 
2153-2161 
in Cushing’s syndrome, 1253-1262, 
2153-2161 
and infection susceptibility, 794— 
798 
Coxsackie B,, 1055* 
and polymorphonuclear leukocytes, 
794-798 
tetrahydro derivatives 
after angiotensin, 342, 345 
after noreprinephrine, 339 
Creatine 
metabolism in muscular dystrophy, 
850-856 
turnover time, 852, 855 
Creatinine 
clearance 
after albumin infusions, 492 
in bacteriuria, 1333 
citrate ratios in acidotic and al- 
kalotic states, 1291, 1293 
and cortisol, 156 
after deoxycorticosterone, 1057* 
and 2,6-dichloroindophenol dye 
reduction, 46 
after growth hormone treatment, 
1054* 
after phosphaie loading, 166-168 
in potassium deficiency, 2215- 
2224 


in renal disease, 166-167 
in steady state, 1623 
after strophanthidin, 313 
and vitamin A, 1035* 
and water diuresis, 154-155 
excretion, 1028* 
in gout, 1311-1312 
in muscular dystrophy, 851 
Cretinism, athyrotic, congenital, 
1753-1754 
Cushing’s disease. 
gland, hyperfunction 
Cyanide 
iodinating system sensitivity, 1408 
noreprinephrine secretion, 
1043* 
and platelets, 45 
and serotonin, 47 
Cyanmethemoglobin, and hemoglo- 
bin oxygen affinity, 1827, 1830- 
1833 
Cyanmetmyoglobin, and nonheme 
proteins, 1071* ~ 


339, 340, 


hor- 


Adrenal 
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Cyanocobalamin, and deoxyribonu- 
cleotide synthesis, 1024* 
Cystathionine, in cerebrospinal fluid 

of mental defectives, 1366- 
371 
Cysteine, 1371-1372 

in albumin peptides, 823 

and glucose oxidation to carbon 
dioxide, 915-923 

and heme synthetase system, 188, 
189 


and hemoglobin, 191-192, 920 
and lactic acid formation, 918 
and 6-phosphogluconic dehydro- 
genase activity, 919 
and serum folic acid activity assay, 
sulfobromophthalein — conjugation 
with, 984 
and thiourea in 
1060* 
and triphosphopyridine nucleotide 
oxidation, 919-920 
Cystine, 1371-1372 
dietary control and serum lipids, 
895 
reabsorption in cystinuria, 1040* 
Cytidine diphosphate choline, 1206 
Cytidine diphosphate’ ethanola- 
mine, 1206 
Cytochrome C 
and copper protein, 1081* 
and iodination, 1401, 1408, 1410 
and urea concentration in kidney, 
1026* 


thyroid tissue, 


Cytosine, and thymidine formation, 
* 


D 


24-Dehydrocholesterol, and _ tripa- 
ranol, 884 
Dehydroepiandrosterone 
excretion in adrenal tumor, 1025*, 
1049* 
in plasma, direct estimation, 947— 
5 
in etiocholanolone fever, 400-407 
Deoxycholic acid, 1028* 
Deoxycorticosterone 
and connective tissue after hya- 
luronidase, 2155-2160 
and glomerular filtration rate, 1970 
in hypertension, 419 
and inulin clearance, 1057* 
and para-aminohippuric acid clear- 
ance, 1057* 
and sodium, 718, 720 
transport across blacder, 
2108-2109 
after triparanol, 1063* 
11-Deoxycortisol, adrenal secretion, 
1253-1262 
2-Deoxy-D-glucose, in  carbohy- 
drate and lipid metabolism, 
171-175 
Deoxypyridoxine, and tryptophan 
metabolite excretion, 620-621 
Deoxyribonucleic acid 
asynchronous replication in chro- 
mosomes, 1041* — 
and ai spherical particles, 


and leukemic cells, 1031*, 1055* 
synthesis, 1031* 


Diabetes 


Dibenzyline. Sce 


Dicumarol. See 


tritium-labeled thymidine uptake, 
1042* 
and vitamin By, 1024* 
Desmosterol, and triparanol, 888— 
892 
Dextran 
and albumin metabolism, 545-554 
and glomerular filtration rate in 
sodium deprivation, 2049 
and hyperlipidemia in nephrosis, 
499-508 
liver uptake, 69 
Dextrose. See glucose 
insipidus, chlorothiazide 
action, 865 


Diabetes mellitus 


alloxan induced, 1089*, 1714 
anterior pituitary glucose me- 
tabolism, 268-269 
arterial rigidity indices, 1916-1917 
family history and serum trigly- 
cerides, 1022* 
and hepatic glucose output, 1714 
hypertension, 837-841, 1916-1917 
and insulin, 1083* 
adipose tissue response, 1089*, 
1681 
and blood glucose, 266, 1022* 
glucagon antibodies after, 1287- 
1288 
resistance, 1073*, 1672-1683, 
1803, 1808 
juvenile, and duodenal 
output, 1029* 
nephropathy, 837-841 
glomeruli hydroxyproline con- 
centration, 179 
pancreas, 1083* 
islets of Langerhans 
ment, 1029* 
pyruvate metabolism, 1068* 
staphylococcal infections, 29 
Diamox. See Acetazolamide 
Phenoxybenza- 


amylase 


involve- 


mine 


2,6-Dichloroindophenol, and _plate- 


lets, 49, 50 
Bishydroxycou- 
marin 
Diet 
and acid balance, 1224-1236 
after phosphoprotein, 1621-1630 
calcium intake, 1340 
and turnover rates, 1773 
caloric intake, 
and plamsa 
1084* 
carbohydrate, and cholesterol es- 
ters, 1084* 
and chloride excretion, 1971-1975 
cholesterol, 891, 1142-1152 
and serum lipids, 894-901 
and egg” yolk, 894-901 
fat intake, 899, 1086* 
animal, 887 
and liver phenylalanine hydroxy- 
lase, 1747-1748 
and fat mobilization, 1084* 
and fatty acids. See Fatty acids 
and filtration rates, 1970 
in hyposthenuria, 2217-2224 
folic acid intake, 1693 
and liver cofactor content, 1747- 
1748 


lipid 


components, 


: 

, 

be 


gluten-free, in sprue, 1055*, 1079* 
and hydrogen diffusion, 1248 
hydroxyproline content and excre- 
tion, 843, 844 
and inulin clearance, 1971-1975 
low salt, and diurnal excretion 
cycle, 1971-1975 
maternal intake of antithyroid 
foods, 1754 
oil feeding and cholesterol content 
of thrombi and plaques, 1142- 
and phenylalanine metabolism, 
premature infant, and growth, 249 
protein intake, 844, 1952-1959 
and urea, 150, 1955-1956 
purine-free, and uric acid excre- 
tion in gout, 1305 
and renal concentrating ability, 
868, 1952-1959 
and serum cholesterol levels after 
triparanol, 887 
sodium, 152-158, 868, 1246, 1248 
and sodium excretion, 1954-1955, 
1970 
uridine restriction in 6-azauridine 
therapy, 1911 
and —— in muscular dystrophy, 
5 
1-[ p-s-diethylaminoethoxy)- phen - 
yl ]-1-( p-tolyl )-2-(p-chloro- 
phenyl) ethanol, 884 
Diethylaminoethyl] cellulose, 1027*, 
1045* 
isoagglutinin fractionation with, 
874-877 
Diethylstilbestrol 
thyroxine-protein binding, 
2056-2061 
Digitalis 
and carbohydrate metabolism, 
1075* 
diuretic properties, 302-315 
hemodynamic effects, 52 
and premature contractions, 1058* 
renal action, 311-315 
ryanodine toxicity reversal, 1057* 
a in orotic aciduria, 
and 6-azauridine, 1911 
acid, 313- 


3,4-Dihydroxymandelic acid, 1994- 
1996 


excretion after epinephrine, 255- 
259 
Dihydroxyphenylalanine, 1081* 
Diiodotyrosine, 1033* 
and glucose oxidation in thyroid, 
1069* 


and thyroxine monodeiodination, 
1133-1137 
Diisopropylfluorophosphate 
clot-promoting activity, 814 
for erythrocyte label, 765-766 
for granulocyte label, 159-164 
Dilantin. See Diphenylhydantoin 
2,3-Dimercaptopropanol, in Wil- 
son’s disease, 449 
5,5-Dimethyl-2, 4-oxazolidinedione, 
1076* 
2,4-Dinitrophenol 
in platelets, 45, 47 
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and thyroxine binding, 1374-1379, 
1402 
2,4-Dinitrophenylhydrazine 
reaction with plasmalogen, 425 
Dioxy-dipyrrylmethanes, _ bilirubin 
conversion to, 1448-1449 
5,5-Diphenylhydantoin and thyrox- 
ine binding, 1377-1379 
2,3 Diphosphoglycerate, and eryth- 
rocyte storage, 1179-1193 
Diphosphopyridine nucleotide 
dehydrogenase, and mitochondrial 
enzymes, 1032* 
diaphorases, adenohypophyseal ac- 
tivity, 1024* 
and ethanol metabolism, 398, 1355- 
62, 2019 
and galactose metabolism, 1081*, 
2019, 2022-2023 
and glucose metabolism, 918, 1402- 
1403, 1406-1411 
in liver, 398, 1027*, 1356-1362 
and palmitate oxidation, 1358-1361 
phenylhydrazine effect, 1736 
and protein-bound sulfur forma- 
tion, 1060* 
and pyruvate metabolism, 1084* 
in thyroid, 1069*, 1348-1411 
Diuresis 
after acetazolamide, 1626-1627 
after angiotensin, 345 
and antidiuretic hormone, 152-158, 
721, 860-863, 1068* 
in — isosthenuria, 2217- 


in potassium depletion, 2216-2224 
and blood pressure, 1481 
chlorothiazide, 862 
dihydrostrophanthidinic acid, 313 
and emicymarin, 313 
and ethylenediamine tetraacetate, 
1073* 

mannitol, 145-150, 235, 721, 732- 
741, 858-862, 1028*, 1037*, 
1072*, 1087*, 1476-1484, 2215- 
2224 

meralluride, 731-742, 1072*, 1475- 
1485 

in nephrosis, 491-492 

and ouabain, 313 

and renal concentrating ability, 
716-722, 860-863, 1474-1485 

in renal failure, 1043* 

and strophanthidin, 313 

and urea concentrations, 145-150 

and vasopressin, 152-158 

in hyponatremia, 868-870 

and water, 145-150, 156-157, 738, 

860-861, 864, 1483, 2215-2217 

and urine gas content, 281-284 

Dopamine, and fat mobilization, 
1994-1996 


Dwarfs, pituitary, and growth hor- 
mone, 9 
Dyspnea 
on exertion, 349, 357 
and pulmonary blood flow, 4-6, 
1061* 
in hypertension, 1061* 
of hyperthyroidism, 348-349 
and dead space ventilation, 357 


E 


Edema 


and albumin clearance, 223-233 

after diethylstilbestrol, 2059 

in glomerulonephritis, 1528-1529, 
1544, 1546, 1580 

interstitial tissue, 1562-1563, 1582- 
585 


lymphatic flow, 222-233 

in nephrosis, 490-498 

pulmonary, 349, 356, 665-572, 
1074*, 1791, 1792 


Elastase, in lungs after mercury fill- 


ing, 1515-1524 


Electrolytes 


See also specific electrolytes 
in alkalosis, 599 
and bile flow after cholecystec- 
tomy, 1072* 
in connective tissues, 2153-2161 
excretion, 1227 
after albumin infusions, 492 
aldosterone effects, 905-907 
and angiotensin, 338-347 
and aortic arch denervation, 
1162 
after deoxycorticosterone, 1057* 
diurnal cycle, 1967 
fecal, 197, 200 
in hypercapnia, 1223-1237 
after kidney transplantation, 197 
and sodium restriction, 1049* 
and thoracic caval constriction, 
197, 200, 116? 
in hypertension, 408-422 
renal, 1922-1925 
intake 
and hypercapnia, 1223-1249 
metabolism, 1623-1630 
after amino acids, 1046* 
and azotemia, 1029* 
in plasma. See Plasma, electro- 
lytes 
reabsorption, chlorothiazide, 
65-866 
transport, 136, 223-233, 1039*, 
1068*, 1967, 2103-2110 
17 a-Emicymarin, 314-315 
Emphysema 
and bronchial flow, 1077* 
carbon dioxide tension, 1779 
arterial-alveolar difference, 289- 


293 

and dyspnea, 1061* 

and lung diffusing capacity, 492, 
1512, 1782-1783 

for nitrogen, 329-337 

and oxygen cost of breathing, 972 

and urine inert gas, 281-294 

ventilation-perfusion ratios, 1730- 
1733 


Encephalomyelitis 
allergic, traisfer, 1069* 
Venezuelan equine, 1044* 
Endotoxin 
chemical nature of, 1026*, 1939- 
1950 
and clotting time, 1030*, 1050* 
granulocyte response, 991-992, 
1023* 


in myeloproliferative disorders, 
1038* 


inactivation, 304 
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Endotoxin (cont'd) 
and alkali treatment, 1945, 1948, 
1950 
after Boivin antigen treatment, 
1935-1951 
and heat lapiiity, 303-304 
and LiAlH,, 1939, 1942, 1945, 
1950 
lethal, 303, 304, 1633 
— system stimulation, 300- 
0 


pryogenicity, 303, 1026*, 1038* 
fever index, 304, 306, 307, 
and dose, 295-300 
after norepinephrine, 1046* 
species differences, 295-301 
tolerance, 1030*, 1046*, 1061*, 
1939-1942 
shock, histamine release, 1631-1637 
and staphylococcal infectivity, 
103C* 
tumor-necrotizing, 303, 304 
typhoid fever, 1027*, 1046* 
Enovid, 1663 
and aldosterone binding, 1665-1670 
Enzymes 
See aso specific enzymes 
and rbohydrate metabolism, 2022 
in thyroid, and organic iodina- 
tions, 1394-1412 
and cortisol synthesis in hirsutism, 
1315-1321 
deficiency, 1841 
in congenital adrenal hyper- 
plasia, 1025* 
glucose-6-phosphate dehydrogen- 
ase, 615-616 
and 2,6-dichloroindophenol reduc- 
tion, 50 
in drodenal contents, 1029* 
endotoxin degradation, 302-309 
in erythrocytes, 1061*, 1178-1193 
age effect, 922 : 
and 2,3-diphosphoglycerate con- 
centration, 1189 
in orotic aciduria, 657-664 
fibrinolytic system, 1082* 
and folic acid activity, 88, 89, 1743- 
50 
and galactose metabolism, 2022 
heme synthetase fractions, 189-194 
hepatic, 1206 
sulfobromophthalein conjugation, 
986, 1030* 
interallele complementation phe- 
nomenon, 663 
iodotyrosine formation, 1032* 
and ischemic damage, 1071* 
lactic dehydrogenase tissues, 
586-591 
mitochondrial, and lupus erythe- 
matosus sera, 1032* 
in muscular dystrophy, 1070* 
pituitary, 1024* 
in plasma clotting, 803-819 
in saliva, 660-661, 1033* 
splenic tissue, 1033* 
steroid-metabolizing, 1079* 
and phenobarbital, 1041* 
storage effects, 190, 1178-1193 
sulfhydryl dependency in iodina- 
tion, 1397, 1405 
temperature effect, 190 
freezing and thawing, 614-616 
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and thyroxine monodeiodination, 
1132-1138 
triphosphopyridine nucleotide for- 
mation, 918 
from yeast, 658 
Ephedrine, and fat mobilization, 
1994-1996 


Epimerase, in galactosemia, 1081* 
Epinephrine 
adrenal medullary secretion, 1043* 
and aldosterone excretion, 343 
arteriovenous differences of in- 
fused, in forearm, 1387-1393 
and blood pressure, 1994-1996 
and blood sugars, 2171-2179 
in liver glycogen disease, 368- 
369 


cardiorespiratory 1787- 
1794 


and cholesterol levels, 2171-2179 
excretion, 253-260 
after 2-deoxy-p-glucose, 174-175 
and fatty acids, free, 175, 1994, 
2171-2179 
and tissue release, 1022* 
and glucose, 1022* 
oxidation in thyroid, 1069* 
granulocyte responses, 159-163, 
991, 1023* 
and 17-hydroxycorticosteroid ex- 
cretion, 343 
in hypertension, 1044* 
metabolism, 253-260 
and muscle potassium movement, 
1022* 
and triphosphopyridine nucleotide 
oxidation by thyroid, 1069* 
vasoactive effect, 1022* 
Erythroblastosis, isoagglutinins, 
874-883 


effects, 


Erythrocytes 
See also Erythropoiesis 
acanthocytosis, 1088* 
and acetylphenylhydrazine, 135, 
136, 140, 915-923, 1083* 
adenine nucleotides in, 1740-1741 
adenosine diphosphate, 1190 
adenosine monophosphate, 1190 
—— triphosphate, 1190, 1737- 
174 
agglutination, 1056*, 1061* 
after atypical pneumonia, 1644, 
1657 
aging 
and adenosine triphosphate con- 
tent, 1740 
glucose-6-phosphate dehydrogen- 
ase activity, 922 
and methemoglobin 
1860-1862 
and oxyhemoglobin dissociation, 
636-642 
alkali-treated haptene affinity for 
surface, 1945-1946 
amphotericin B, 1079* 
in anemia, 181-184, 1051*, 1325 
hemolytic, 183-185 
hereditary, 1058* 
pernicious, 768-769 
sickle cell, 1058*, 1856, 1867 
after sodium nitrate, 1859-1860 
antibodies, 182, 184, 879, 1056*, 
1656-1660 


content, 


antigens, 182, 1023*, 1061*, 1616— 
1617, 2013 
infants, 


aspartate carbamyltransferase, 661 

in bacteriuria, 1336-1338 

in bone marrow, 767-769 

buffer capacity, 1234 

catalase assay, in Japanese, 2199- 
2208 


copper fractionation, 2007-2015 

and deoxyribonucleic acid, 474 

desmosterol accumulation with tri- 
paranol, 891 

dihydroorotase, 661, 663 

in erythroid hyperplasia, 768 

and ethylenediamine tetraacetate, 
1 


and gamma globulin complexes, 
127 


ghosts, staining, 134-136 

in glomerulonephritis, 1531, 1540, 
1548-1561, 1558-1595 

glucose metabolism, 1274 

glucose-6-phosphate dehydrogen- 
ase, 140-143, 611-616, 1060*, 
1083* 

and glutathione, 135-137, 921, 

Heinz body formation, 1737 

and 761-768, 1859- 


bilirubin formation from, 1068* 

choleglobin conversion, 921 

oxygen affinity, 1828 

spherical particle 
from, 474 

synthesis rate, 766, 940-945, 
1066* 


formation 


turnover time, 761, 772 
mathematical calculation, 774—- 
5 
hexokinase reaction, 1191 
hypersusceptibility to sulfhydry! 
inhibitor, 471 
ionic concentration and transport, 
1036* 
iron, 767, 768, 2143-2152 
and clearance, 754, 755 
labile pool in immature, 1072* 
transfer to plasma, 769 
turnover, 2143-2152 
in hemochromatosis, 760, 766 
uptake, 754, 760 
after injection, 2143-2152 
after irradiation, 649-654 
lactic dehydrogenase activity, 590 
leukemic, 183, 426-432 
life span, 761, 1051*, 1072*, 1084* 
in hemochromatosis, 764-765, 


mathematical analysis, 774, 777 
after p-aminopropriophenone, 
1857, 1861-1869 
after sodium nitrate, 1857, 1861- 
1869 
and stercobilin excretion, 1051* 
after venesection, 7605 
of virus-treated, after splenec- 
tomy, 1041* 
in lymphoma, 183 
in orotic aciduria, 658-663 
osmotic fragility, 133-137 
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phenotypes, 182, 185, 1061*, 1616- 
1617 


phenylalanine distribution, 1762 
and 1084*, 1740- 


phospholipids, 426-432, 1088* 
porphyrin synthesis, 1058* 
and potassium loss, 132, 135-137, 
140-143, 1035* 
and primaquine treatment, 130-143 
proteolytic enzyme effects, 1061* 
storage 
inosine added, in 
1178-1184 
inosine added late, 1185-1193 
metabolic defect reversibility, 
1191, 1192 
temperature permeability 
136 


in thalassemia, 768, 1058* 
thyroxine uptake, 1047*, 2057 
transfusion effects, 185 
triiodothyronine uptake, 1047* 
and triphosphopyridine nucleotide, 
923, 1060* 
in venous hematocrit, 1036* 
and Vicia fava extracts, 918-919, 
922 
and vitamin By, 1066* 
and zinc, 136 
Erythrol tetranitrate, 1217-1221 
Erythromycin 
and iron uptake, 1037* 
staphylococcal susceptibility, 24— 
29, 2209-2214 
Erythropoiesis 
extrarenal 
1077* 


beginning, 


effect, 


stimulating factors, 


heme and globin synthesis, 761, 
767, 944 


in hemochromatosis, 762 
iron pool size, 761, 769, 1071* 
after irradiation, 649, 653-654 
labile, 767, 769, 1071* 
analog computer reproduction, 
4 


after phenylhydrazine, 1448 
transferrin adsorption, 2143-2152 
Esophagus 
in heartburn, 
954-970 
hepatosplenic 
mansoni, 1088* 
portacaval shunt for varices, 1075* 
pressures, neurohumoral factors, 
1887-1839 
Estriol, in body fluids, 
newborn, 1085* 
Estrogen 
See also specific substances 
and ceruloplasmin synthesis, 1837 
and copper metabolism in Wilson’s 
disease, 445-453 
excretion in adrenal tumor, 1048* 
and thyroxine binding, 1083*, 
2056-2057 
and vasopressin response, 156 
and water clearance, 152-158 
Estrone, “Jasterone binding, 
1660 
Ethanol 
See also Alcohol 
and fatty liver, 1355-1362 
and galactose oxidation, 2018-2023 


of late pregnancy, 


schistosomiasis 


fetal and 
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insulin extraction of 
1083* 
medullorenal extract fractionation, 
1065* 
and palmitate oxidation, 397, 1357 
after nicotinamide, 1359-1361 
in thyroid, after pyridine nucleo- 
tide, 1398-1400 
Ethanolamine 
in cerebrospinal fluid of mental 
defectives, 1366-1371 
in leukemic leukocytes, 425 
Ether, serum esterase activation, 
673-68. 
Ethinyl estradiol, and copper me- 
tabolism, 1837 
in Wilson’s disease, 447, 448, 451 
Ethylaminothiadiazole, uricogene- 
sis, 1965, 1966 
Ethylenediamine tetraacetic acid 
anticoagulant activity, 745, 750- 


pancreas, 


and erythrocytes, 1045* 
after primaquine treatment, 136 
and oxidation, 456- 
and intrinsic factor, vitamin Bu 
uptake, 1978 
in norepinephrine arteriovenous 
measurement, 1392 
and platelets, 2,6-dichloroindophe- 
nol dye reduction, 45 
and renal excretory function, 1073* 
and urine R-1 mucosubstance, 1462 
N-Ethylmaleimide, 1068* 
17-Ethyl-19-nortestosterone, 1(23* 
Etiocholanolone, 1069* 
fever from, 400-407 
in plasma, 951 
measurement, 400-407 
Exercise 
and alveolar oxygen tension, 108— 


and blood flow, 1066* 
in alimentary lipemia, 624-630 
in coronary artery disease, 1050* 
through forearm, 2111 
and nitroglycerin, 1050* 
and carbon dioxide tension, 108 
and cardiac output, 378, 1030* 
Fick and krypton methods, 646- 


and “central” blood volume, 375- 
5 

and dyspnea, 1061* 

granulocyte responses, 
990, 1023* 

and heat intolerance, 357 

responses, 375-385, 
030 

in hyperthyroidism, 352-353, 357 

and lung diffusing capacity, 1436, 
1499, 1502, 1507-1508, 1777- 
1783 

in mitral stenosis, 107-108 

and oxygen consumption, 352-353, 
357, 1066* 

and fasting, 624-630 

oxyhemoglobin dissociation shifts, 

1064* 


160-163, 


and pericapillary tissue volume, 
1074* 


and strontium, pool and bone depo- 
sition, 1812, 1818, 1819 


urate retention 1312 
ventilation, 353, 
ventricular work = 1066* 
Extremities 
See also Forearm 
arteriovenous differences 
fatty acids, 1383 
norepinephrine-like 
1389-1391 
blood flow, 31-32, 42 
and blood volume during exer- 
cise, 378-379, 384 
connective tissue function tests, 
2153-2161 
edematous, 223-233 
ischemia, and serum enzyme levels, 


1070* 


substances, 


Eyes 
arteriosclerotic retinal changes, 936 
conjunctiva inclusion bodies, 1051* 


F 


Familial tendency 

See also Heredity 

and adult weight gain, 1022* 

and arterial rigidity, 1916-1917 

bleeding, 18 

brucella antigen 1874- 
875 

and coronary heart disease, 

in diabetes, 1916-1917 

dystrophic process, 1070* 

in glycogen storage disease, 
1845 


response, 


1082* 


1842- 


hemoglobin variant, 1833 
hyperprolinemia, 1081* 
in hypertension, 1090*, 1916-1917 
phenylthiocarbamide non-tasting 
trait, 1754-1756 
serum antinuclear factors, 1071* 
in spherocytosis, 1080* 
in ulcerative colitis, 2126-2133 
Fanconi syndrome, adult, hydroxy- 
proline concentration, 178 
Fatty acids 
cholesterol ester, 1025, 1084* 
composition, 925, 929, 931, 1852 
and dietary intake, 895, 1084* 
free, 931-932, 1090*, 1994 
adipose tissue, 479-487, 929, 
1022*, 1380-1386, 2171-2179 
arteriovenous differences, 1382- 
1385 
and catechol compounds, 1993, 
1994 
after 2-deoxy-p-glucose, 171-176 
and 3,4 dihydroxymandelic acid, 
and epinephrine, 1022*, 2171- 
2179 
and exercise, 1030* 
with fasting, 247, 10&6* 
after growth hormone, 247, 250 
in heart muscle, 1380-1386 
and norepinephrine, 1024*, 2171- 
2179 


turnover rates, 1039* 
after vasoactive polypeptides, 
1993-1996 
and glucose, 172-175, 264, 266-267, 
1090* 


and insulin, 175, 264, 1090* 
in lipoma, 929 
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Fatty acids (cont'd) 
in liver, 394-399, 925, 1355-1362, 
1051, 2171-2179 
of mycobacterial glycolipids, 1935 
nonesterified. See Fatty acids, 
free 
phospholipid, 1080* 
in plasma, 171-175, 247-250, 486, 
1024*, 1030*, 1039*, 1847- 
1852, 1993-1996, 2171-2179 
in serum, 493-494, 536-544 
after sorbitol, 397-398 
synthesis, 925, 1355-1362 
after acetate, 395 
and diphosphopyridine 
tide, 398 
ethanol effect, 
1361 


nucleo- 


394-399, 1359- 
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endotoxin dose-response relation- 
ships, 295-301 
etiocholanolone, 1069* 
17-ketosteroid conjugation de- 
fect, 400-407 
and lithocholic acid, 1069* 
in pyelonephritis, 1061* 
Fibrinogen 
and antihemophilic globulin, 1015 
defibrination syndrome, 1053* 
and hexadimethrine bromide, 1424 
and plasma thromboplastin ante- 
cedent, 813 
platelet reactions, 1050* 
after protamine, 1424 
and serum clot-promoting activity, 
20-21 


and thromboplastin, 1008, 1017 


interstitial 
in sodium depletion, 1483 
and urine osmotic gradient, 
2215-2224 
ion transport, 1036*, 1075* 
and water conservation, 
50 
potassium exchange, 391 
redistribution, in potassium de- 
ficiency, 2215-2224 
spinal, after strontium, 1810 
transferrin exchange, 769 
tubular pH, and ammonium excre- 
tion, 576-577 
volume, sodium homeostasis inde- 
pendent, 1046* 
after vasopressin, 


1972 


1046*, 1969, 


Fluoride, and platelets, 45, 47 

Fluoroacetate, and citrate metabo- 
lism, 1719-1726 

Fluorocitrate, aid: citrate metabo- 


methylene blue effect, 396 
after triphosphopyridine nucleo- 
tide, 1359-1360 


Fibrosis 


in glomerulonephritis, 
1548-1549 


1532-1533, 


and triglycerides, 536-544, 1039*, 
1846-1852, 2171-2179 
unesterified. See Fatty acids, free 
Feces 
calcium, 1035*, 1066*, 1340-1345, 
; 1623, 1624, 1770, 1771 
chloride excretion, 1224-1236, 1242- 
1249, 1623-1624 
deoxycholic acid and anion ex- 
change resin, 1028* 
guaiac test in rheumatic fever, 1897 
iron, 1155-1158 
lipid excretion, 898 
nitrogen, 1224-1236, 1242-1249 
phosphorus, 1340-1345, 1623-1624 
potassium, 197-200, 1160-1166, 
1224-1249, 1623-1624 
Pseudomonas aeruginosa 
phages, 2066-2074 
sodium, 197-200, 1160-1166 
sterocobilin, in anemia, 1051* 
strontium, 238 1340-1345, 1814 
thyroxine excretion, 2058 
vitamin Bis, in diverticula, 1034* 
Ferricyanide 
and acetylphenylhydrazine reduc- 
ing action, 470 
glutathione oxidation, 456 
and hemoglobin, 1830 
mercury binding groups titrated, 


typing 


Ferritin 
accumulation after iron-dextran in- 
jection, 1085* 
and labile iron pool, 1072* 
in pernicious anemia, 768 
plasma exchange, 767 
transfer from reticulum cells, 768 
Ferrocyaride 
ammonium excretion 
sion, 574 
urine pH after infusion, 574 
Fetus 
acephalic, 248 
apituitary, 248 
bone mineral content, 442-443 
estriol conjugates, 1085* 
fat content, 249 
gluthathione levels, 1030* 
Fever 
antigen-induced, sensitivity trans- 
fer, 703-706 
Coxsackie virus production, 1054* 


after infu- 


interstitial glomerular, 1532-1533, 
1540, 1548, 1588-1589, 1594— 
1595 

muscular dystrophic process, 1070* 

proliferation and bronchial flow, 
1077* 

pulmonary, 6 

and diffusing capacity, 1779- 
1783 


ventilation-perfusion relations, 
1730-1733 
renal cortex, 1590 
Fick principle, theory of, 2111-2125 
Flavin adenine dinucleotide, in thy- 
roid gland, glucose metabolism 
effect, 1402-1403, 1406-1411 
Flavin mononucleotide, 1060* 
and iodinations in thyroid, 1401 
Fluid 
ascitic, and aortic arch denerva- 
tion, 1165 
after carotid denervation, 1165 
after strontium gluconate, 1810 
after vagotomy, 1165 
cerebrospinal 
amino acids in, 1363-1372 
and blood barrier, 1064* 
to cortisol, 1997-2006 
composition in renal disease, 165, 
diurnal cycle of 
1967-1977 
edema, in heart failure, 232 
extracellular, 409, 412-414, 769, 
2215-2224 
and acid-base balance, 1233-1234, 
1247 


filtration rate, 


in aldosteronism, 421 

after cortisone, 552 

folic acid reaction, 1690 

gain in pregnancy, 2180-2189 

in hypertension, 408-422 

in hyponatremia, 872 

iron transfer to plasma, 769 

pH, 1235, 1236, 1076*, 1247 

in respiratory acidosis, 1234 

and salt intake, 1247 

strontium clearance, 234, 238 

tissue buffering process, 1234 

and thyroxine disappearance, 
100 


1 
intake, 1332-1333, 1967 


lism, 1719-1726 


9-a-Fluorocortisol 


in hypertension, 419-422 
and hypokalemia, 1046* 
and sodium retention, 1046* 


5-Fluoro-orotic acid, 1073* 
Folic acids 


and citrovorum factor, 1747, 1749 
and formiminoglutamic acid ex- 
cretion, 1091* 
metabolism, 1052*, 1684-1695 
in phenylalanine hydroxylase sys- 
tem, 1748 
in plasma, 86, 1693-1694 
sequestration of stored, 1052* 
serum activity, 81-86 
formiminoglutamicaciduria, 1091* 
and vitamin Bi deficiency, 1091* 
Folinic acid, 1052* 
Forearm 
adipose tissue fatty acids, 1022* 
blood flow, 33-42; 378-379 
epinephrine effects, 1022* 
blood volume, 1036* 
and exercise, 378-379, 2111 
connective tissue function tests, 
2153-2161 
erythema, and endotoxin inactiva- 
tion, 1939 
glucose 
transit time through, 2111-2125 
uptake, 1022* 
lymphedematous, 
ance, 229-230 
norepinephrine arteriovenous dif- 
ferences, 1389-1391 
potassium uptake, 1022* 
Formiminoglutamic acid 
excretion, 1747 
after histidine, 1749 
and folic acid deficiency, 1747 
and vitamin By deficiency, 1091* 
Friedreich’s ataxia, calcium excre- 
tion, 1772 
Fructose diphosphate 
and erythrocyte storage, 1186-1193 
and liver tissue metabolism, 1027* 
and potassium transport, 1035* 
Fumarase, enzymatic inhibition, 
1032* 


albumin  clear- 


Fungi, infections, and amphotericin, 
1079* 
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Galactose, metabolism 
and ethanol, 2018-2023 
in galactosemia, 1081*, 2020 
and menthol, 2018-2023 
and progesterone, 2018-2023 
and pyruvate, 2018, 2021, 2023 
Gallamine, cardiovascular responses, 
555-562 
Gangrene, after embolization, 1071* 
Gas 
alveolar, 10, 1074* 
and acetylcholine, 106-108 
in anemia, 1323-1324 
-arterial differences, 106-108, 
286-293, 1730-1732 
and gastric acid secretion, 1066* 
in mitral stenosis, 106-108 
after oxygen breathing, 333 
and ventilation, 1298-1302 
arterial, 106-108, 1730-1732 
and dyspnea, 1061* 
exchange, 35, 105-116, 1323, 1495 
in hyperthyroidism, 352 
and one functioning lung, 828 
and pH, 32 
in pulmonary occlusion, 830-834 
expired, nitrogen concentration, 
1324, 1728, 1731 
inert, 286-294 
solubility in urine, 279-285 
lung volume, 329-337 
and diffusing capacity, 356, 
1499-1502, 1512, 1778-1783 
in emphysema, 286-294, 334-335 
movement within lungs during 
heart cycle, 1056* 
Gastric juice 
after acetazolamide, 1034* 
antibacterial potency, 783 
after histamine, 1035* 
and intrinsic factor receptor site 
blockage, 66-71 
and oxygen and carbon dioxide 
interaction effects, 1066* 
postprandial, and alveo lar gas ten- 
sion, 1066* 
reflux, and heartburn in pregnancy, 
966-969 


Gastrointestinal tract 
absorption, 1079* 
calcium, 1768 
in Wilson’s disease, 1074* 
iron, 1085*, 1153-1159 
and transport, 1060* 
in sprue, 1079* 
vitamin Bi, 1034* 
and rat intrinsic factor, 1978- 
1983 


bacterial action and uric acid pro- 
duction, 1312 

bleeding, and labile serum factor 
defect, 18 

flow-pressure relationship, 1084* 

gastroesophageal reflux in late 
pregnancy, 956-969 

mucosal cells, 1060* 

removal of damaged, 1058* 

strontium uptake, 1814 

sulfobromophthalein conjugation, 
986 

— tract infection, 1049*, 


Glass factor. 
Globulins 
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See Hageman factor 


alpha, 184, 1073* 
thyroxine binding, 1579 
alpha,, 1073* 


alphas, in alkaline phosphatase, 


1026 
antihuman, 183-184 
antinuclear tests in ulcerative coli- 
tis, 2126-2133 
beta, 697-702, 1009, 1026*, 1073*, 
1677, 1805 
plasma thromboplastin genera- 
tion accelerator, 1015, 1017 
dextran effects, 546 
gamma, 697-702, 1009, 1073*, 1677, 
1805, 2126-2133 
aggregation tendency, 122, 126 
in amyloidosis, 1927-1931 
in antihuman globulin serums, 


after autoimmune nephrosis 
transfer, 1048* 

after brucella antigen, 1875-1880 

components, 117 

and fibrinogen fraction, 1015 

fractions of complexes, 117-129 
7S, 119, 877 
16S, 119 
19S, 119, 1056* 
28S, 119 

half-life, 1699, 1927-1932 
in normal mice, 1704 

and hyperlipidemia, 499-508 

in mammary carcinoma, 1700- 
1705 

metabolism, 1926-1934 

in myeloma, 1704 

and placental barrier, 877 

in plasma-cell tumor, 1701, 1702, 
1704 


quinidine binding, 511-516 
and rheumatoid factor, 117-129, 
1926-1934 
synthesis, 1700-1705 
thromboplastin — accel- 
erator activity, 
in ulcerative colitis, 2126- 2133 
glucagon binding, 1283 
half-life, whole-body in 
method, 697-702 
hepatosplenic schistosomiasis man- 
soni, 1088* 
insulin binding, 1073*, 1805 
and glucose uptake, 1677 
thyroxine-binding, idiopathic de- 
crease, 2053-2063 


Glomerular filtration rate 


and aldosterone, 904-906, 909 

after ammonium chloride, 533-534 

and calcium, 717, 1064* 

of capillary tuft, 1130 

after chlorothiazide, 859, 862, 865 

and citrate clearances, 1295 

and cortisol, 157 

after deoxycorticosterone, 1057*, 
1970 


in diabetic nephropathy, 837-841 

diurnal cycle, 1057*, 1967-1977 

and ethylenediamine tetraacetate, 
1073* 

of folic acid, 1689-1690 

in glomerulonephritis, 837-841 
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and glucose handling by kidneys, 
1093-1112, 
1125 

in gout, 1056* 

and hemoglobin clearance, 1172- 
1177 


1115-1120, 1124- 


in 169, 716- 
22 

in hypertension, 837-841 

and hypertonic 
1072*, 1481 

after mannitol, 2215-2224 

after mercurial diuresis, 737, 1072*, 
1479-1484 

after methylprednisolone, 2048 

in nephron, 1094-1112 

and para-aminohippurate excretion, 


infusions, 


and parathyroid hormone, 1065* 

and phosphate, 168-169, 176, 1064* 

and potassium, 1028*, 1044* 

in pyelonephritis, 837-841 

renal concentrating ability, 176, 
716-722, 1043*, 1331-1338, 
2045, 2049 

and renal plasma flow, 1479-1480 

after Salyrgan, 1479 

and sodium, 867, 1028*, 2045, 2049 

bicarbonate, 533-534 
and strontium, 237, 240 
and water clearance, 157, 859, 2043 


Glomerulitis, 1534, 1536, 1539, 1541 
Glomerulonephritis 


acute, 1562-1563 
progression to chronic, 1546- 
1547 
subsiding phase, 1578-1579 
antigen response, 1527, 1874, 1876 
azotemic, 1548 
chronic, 1532-1533, 1548-1549, 
1570-1578 
classification, 1535 
exudative, 1534-1540, 1548, 1558- 
1595 


595 
focal, 1534-1540, 1558-1595 
post- -streptococcal, 1525-1595 

case histories, 1549-1555 
prognosis, 1540-1544 

and age, 1546-1547 
proliferative, 1525-1595 
subacute, 1547 


Glomerulus 


in glomerulonephritis, 1531-1595 
Bowman’s_ capsule adherence, 
1580, 1586-1587 
histologic changes, 1548-1549 
hyalinization, 1048*, 1540, 1548, 
1586-1590 
hypercellularity, 1525-1595 
interstitial reaction, 1534, 1539, 
1540-1544 
lobules, 1532, 1536, 1538, 1558- 
1559, 1562-1565, 1568 
scarring, 1532-1533, 1548- 
1549, 1570, 1578, 1580-1581, 
1586-1590 
hydroxyproline in, 177-180 
normal, 1578-1579, 1588-1589, 1592- 
1595 


permeability to hemoglobin with 
age, 1174-1176 

and plasma phosphatide changes, 
1205 
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Glomerulus (cont'd) 
and proximal convolution dimen- 
sions, 1095-1103 
structure and function correlation, 
1100-1114, 1130 
Glucagon 
and blood lactate concentration, 
369-371 
in glycogen storage disease, 371 
phosphorylase deficiency, 1841- 
1845 
half-life in plasma, 1286 
immunoassay, 1280-1289 
and insulin, cross reactivity be- 
tween, 1283 
pancreas content, 1287 
Glucose 
absorption, 1079*, 1716 
in adipose tissue, 397 
and aldosterone effect, 904-905, 
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and protein excretion, 526-529 
renal handling, 1093-1131 
in serum, 1269 
folic acid activity, 89 
in nephrotic syndrome, 1024* 
thyrotropin response, 477-487 
tolerance test in pregnancy, 2180- 
2189 
transport, 264-265, 1715 
in forearm, 1022*, 2126-2133 
tubular reabsorption, 1093-1112, 
1124-1130 
turnover rate, 1272 
urinary excretion, 341, 343, 1115- 
1120, 2180-2189 
Glucose i,6-diphosphate, in ery- 
throcytes in storage, 1179-1192 
Glucose-6-phosphatase, in glycogen 
storage disease, 370, 371, 1841- 
1845 


Glutathione 
and acetylphenylhydrazine, 137, 
56-461 


and ascorbic acid, 921, 922 
and ethylenediamine tetraacetate, 
458 


liver levels, 1030* 

oxidation, 456-475 

peroxidase, 472, 921, 1740 

and phenylhydrazine, 456, 473 

after primaquine, 135, 137 

and serum folic acid activity, 89 

sulfobromophthalein conjugation 
with, 981, 984, 987 

test, in sickle cell anemia, 1857 

in thyroid and iodinations, 1397- 
1398, 1405-1411 

and trace metal, 456-457 

and triphosphopyridine nucleotide, 
922, 1398 


907 Glucose-1-phosphate, and galactose 
and ammonium excretion, 574-576 oxidation, 1081* 
blood. See Blood, giucose Glucose-6-phosphate 


Glyceraldehyde-3-phosphate, 917 

Glyceraldehyde-3-phosphate dehy- 
drogenase, 1(024* 

Glycine 


and calcium metabolism of bone, and adrenal secretion, 1253-1262 
in erythrocytes, and storage, 1179- 
193 
in thyroid, and iodinations, 1398, 
1399, 1406 
Glucose-6-phosphate dehydrogen- 
ase 
and acetylphenylhydrazine, 919, 


2085-2091 
and carbon dioxide activity, 1264— 
1266, 1359 
in diabetes, 1068*, 1675-1677, 1680, 
1682 
and electron transfer inhibition, 
1032* 
in erythrocytes, 175, 914-924 
and potassium transport, 1036* 
storage effects, 1063*, 1178-1193 
exchangeable system atialysis, 1269- 
1275, 1277 
fasting responses, 1277 
and fatty acids, 171-174, 395-398, 
1059*, 1356 
in gout, 1052* 
in hypoglycemia, 175 
and kidney oxygen consumption, 
839, 840 
and liver, 391-398, 1356, 1359 
after glucose loads, 1063*, 1706- 
1718 
metabolism, 1045*, 1068*, 1717 
and acetylphenylhydrazine, 915- 
923 
anterior pituitary, 264, 267-268 
carbon atoms, fate, 1263-1279 
after galactose, 2020-2023 
and insulin, 263, 266, 1075*, 
1090*, 1682, 1717 
iodoacetate inhibition, 2086 
iodotyrosine formation, 1032* 
and methylene blue, 916, 921 
myocardial, 1075* 
pathways, 914-924, 1263-1279 
in thyroid glands, 477, 486-487, 
1069*, 1398-1411 
and triphosphopyridine nucleo- 
tide reduced generation, 1410 
and Vicia fava extract, 918-919 
by whole blood, 1267-1269 
and palmitate oxidation, 1359-1360 
and phenylhydrazine effects on ade- 
nosine triphosphate, 1735-1742 
placenta transfer, 2180-2189 
in plasma, 175, 266, 1115-1120, 
1130, 1211, 1270-1271, 1371- 
1372 
and platelets, 49-50 
and pressor agents, 338-347 


and adenine nucleotides, 1737-1738 

adenohypophyseal activity, 1024* 

and ascorbic acid, 919 

assay, 1188 

chlorobutanol effect, 1026* 

and cysteine, 919 

genetic factors, 1060* 

and metal ions, 612-616 

and a-naphthol, 919 

and nitrofurantoin, 919, 923 

and phenylhydrazine, 1735-1742 

and primaquine, 140, 919 

and quinidine, 509 

red cell stroma activation, 611-616 

thermostability, 1060* 

Glucuronide 

and iron uptake, 1037* 

17-ketosteroid, conjugation in 
plasma, 948-952 

Glutamic acid 

in albumin peptides, 822 

in cerebrospinal fluid of mental 
defectives, 1366-1371 

and electrolyte metabolism, 1046* 

and excretion, 846- 
84 


in plasma, 1371-1372 
in uremia, 1213 
in polypeptides, 1042* 
in sulfobromophthalein conjuga- 
tion, 982 
and urea concentration in kidney, 
1026* 
Glutamic acid dehydrogenase, 1032* 
oxalacetic transaminase, 
1070* 


Glutamic pyruvic transaminase, in 
muscular dystrophy, 1070* 


Glutamine 


and ammonia, in uremia, 1210-1211 
in cerebrospinal fluid, 1370-1371 
in plasma, 1213-1214, 1371-1372 


in albumin peptides, 822 

in cerebrospinal fluid, 1366-1371 
and erythropoietic stimulation, 1449 
ether-esterase hydrolysis, 679-681 
and filtration rate in sodium depri- 

vation, 2049 
heme synthesis, 942-945, 1066* 
and hippuric acid, 943-945, 1311- 
? 


in myoglobin, 1071* 
in plasma, 1213, 1371-1372 
proline excretion after, 1080* 
and renal ammonia, 219-220 
in sulfobromophthalein conjuga- 
tion, 982, 984 
transport system, 1080* 
turnover in liver, 943 
and uric acid, 1213 
in gout, 1308-1309, 1311 
uptake of intact molecule, 2076- 
2082 


Glycogen 


and glucose uptake, 2020 
insulin effects, 264-265 
in liver glycogen disease, 369, 372- 
373, 1841-1845 
metabolism, 365, 372-373 
tead bladder content after aldo- 
sterone, 2106 


Glycosuria, in diabetes, 1675-1676, 


1679-1680 


Goitrin, 1751, 1754 
Gonadotropins, 1024* 


adrenal cortical neoplasia response, 
1049* 
chorionic 
and hemoglobin synthesis, 1867 
and hog intrinsic factor, 69, 
1049* 
after diethylstilbestrol, 2059 
excretion and phenylalanine toler- 
ance, 1745-1746 
pregnant mares’ serum, 1049* 


Gout 


and orotic aciduria, 663 

phosphoribosylpyrophosphate turn- 
over, 1052* 

psoriasis association, 1489-1490 

and urate production, 663, 1056*, 
1309, 1312-1313 
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Granulocytes 
circulation clearance, 159-163 
cortisone effect on, 794-798 
endotoxin responses, 991-994, 1023*, 
1038* 
epinephrine response, 159-163, 
1023* 


exercise response, 159-163, 990- 
994, 1023* 
in granulocytic leukemia, 1038* 
half-time disappearance, 989-994 
marginated, 159-163, 989-994 
phagocytosis unaffected by corti- 
sone, 794-798 
pools, 159, 1023* 
and prednisone, 990, 993-994, 1023* 
storage, damaged, 161, 163 
turnover rate, 994 
Growth 
and anterior hypophysis, 249 
in liver glycogen disease, 370 
in orotic aciduria, 656 
Growth hermone. See Pituitary, 
growth hormone 
Guanethidine 
in hyperthyroidism, 1033*, 1040* 
vasoconstrictor activity, 1062* 
Guanine, 89 
Guanosine, 1031* 
Gynecomastia, after diethylstilbes- 
trol, 2059 


H 


Hageman factor, 1074* 
diisopropyl fluorophosphate effect, 
814 


inhibition specificity, 813 
and plasma thromboplastin ante- 
cedent, 803-819, 1010, 1015 

in proconvertin activation, 748, 750 

in Pyrex tubes, 810 

serum ether-esterase activity, 680 
Hartnup disease, 1081* 
Heart 

blood volume, 381 

on squatting, 1062* 
citrate, after fluoroacetate, 1721- 


contractility, and digitalis, 52-59, 
1057* 

creatine, in muscular dystrophy, 
851, 852, 856 

edema, 227, 230-232 

epinephrine effects, 1787-1794 

excitability, electrode recording, 
1058* 


and exercise, 378, 381, 629, 1030*, 
1436 


hemodynamics, 53-58, 320, 560, 
563-572, 1030*, 1031*, 1034*, 
1058*, 1089*, 1431-1440, 1888- 
1889 


lactic dehydrogenase activity, 587— 
588 


5 
in lipemia, 628-629 
and pulmonary occlusion, 830 
rate, 1030*, 1089* 
and acetylcholine, 107-108 
after acid infusion, 32, 33 
after amine oxidase inhibitor, 
1077* 
and bicarbonate, 33 
after carbon dioxide, 35-42 
in congenital heart disease, 1436 
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and dry heat exposure, 1078* 
after endotoxin, lethal doses, 
1632-1634 
and ganglionic blocking agent, 
556-562 
and guanethidine, 1033*, 1040* 
in hyperthyroidism, 1033*, 1040* 
and hyperventilation, 35-38 
and intracardiac baroreceptors, 
564-572 
in mitral stenosis, 107-108 
and oxygen breathing, 115, 1031* 
after phenoxybenzamine, 34, 40 
protamine, and hexadimethrine 
bromide effects, 1422 
in rheumatic fever, 1038* 
after ryanodine, 1058* 
after sodium chloride, 33 
and triiodothyronine, 1040* 
aiter trimethaphan, 1033*, 1883- 
889 
after trimethidinium, 560 
size, and rheumatic fever reacti- 
vation, 1893-1899 
Starling’s law, in ventricular func- 
tion, 1882-1890 
stroke volume, 378, 560, 979 
after eythrol tetranitrate, 1221 
after transfusion, 1888 
and venous filling pressure, 1221 


Heart disease 


arteriosclerotic, 1082* 
and glomerulonephritis, 1527 
congenital, 1431-1441, 1436 
squatting effects on, 1062* 
coronary, 1082* 
and hyperventilation, 972-979 
and pulmonary diffusing capacity, 
1431-1441, 1779-1783 
rheumatic, 1039* 


Heart failure, 1043* 


and edema, 230-232 

erythrocytes, sodium  concentra- 
tion in, 1027* 

and fluid and electrolyte composi- 
tion, 400-415 

hypertension with, 400-415 

in rheumatic fever, 1038* 

post-therapeutic rebound, 1898 

thyroxine-binding globulin, 

idiopathic decrease, 2056-2057 


Heinz bodies, in spherocytosis, 463- 
73 


465, 471-4 


Hematocrit 


and albumin, 501, 546-554, 1024*, 
1036* 

and blood viscosity, 1088* 

after cortisone, 546-554 

after dextran, 546-554 

after endotoxin, lethal doses, 1632- 


after erythrol tetranitrate, 1219- 
1221 


after gamma globulin, 501 

and hemoglobin synthesis, 761 

in hyponatremia, 

in nephrotic syndrome, 501, 1024* 

in pernicious anemia, 768 

after phlebotomy, 1883 

after portacaval anastomosis, 1416- 
1417 


post transfusion, 1883 
and prednisone, 1897 
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and pulmonary diffusing capacity, 
1330 


in rheumatic fever, 1897 

after salicylates, 1897 

in sickle cell anemia, 1857 

thromboplastin geieration defect, 
18 


transferrin, 2142-2152 
after trimethaphan, 1883-1884 
urinary, 1540 
in defibrination syndrome, 1053* 
glomerulonephritis, 1528-1529, 
1540, 1546, 1558-1559 
venous-body ratio, 1036* 


Hematopoiesis, and plasma radioiron 


clearance, 653-654 


Hermochromatosis, iron and hemo- 


globin synthesis, 753, 764, 769, 
772 


Hemodynamics 


cardiac, 1032* 
in congenital heart disease, 1431- 
440 
after digitalis, 53-58, 1058* 
and intracardiac baroreceptors, 
563-572 
a-methyl - 3,4-dihydroxy-pL-phe- 
nylalanine, 1089* 
and oxygen breathing, 1031* 
after trimethaphan, 561, 1888- 
1889 
in valvular disease, 320, 1034* 
coronary, 1078* 
and amine oxidase inhibitors, 
1077* 
and erythrol tetranitrate, 1217- 
1222 
in hot weather, 1078* 
serotonin effects, 1077* 
and exercise, 375-385, 1030*, 
1066*, 1434 
hepatic, portacaval shunt effects, 
1075*, 1413-1420 
pulmonary, 1432-1440 
renal, 1057* 
after hemoglobin infusion, 1172- 
1177 


after water diuresis, 905-906 
splanchnic, and anesthesia, 594 


Hemoglobin 


A, 1830-1833, 1867 

acetylphenylhydrazine, 458, 
461, 462, 

age effects on, 458-459, 466-467, 
471, 636-641, 1174-1176 

and aminocaproic acid, 1078* 

bilirubin from, 1068* 

carboxyhemoglobin, 1830-1833 

lung diffusing capacity, 1508, 
1509, 1511 
nitrogen effects, 921-922 

and catalase activity, 2199-2208 

choleglobin, 920 

copper fraction from erythrocu- 
prein, 2012-2014 

denatured, and ether-esterase, 680 

diphosphopyridine nucleotide de- 
ficiency, 1084* 

after erythrol tetranitrate, 1219- 
1221 

erythron turnover time, 754 

and ether-esterase casein digestion, 


680 
F, 1867 
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Hemoglobin (cont'd) 
and ferricyanide, 470-472 
globin substitution for factor in 
fraction II, 191 
glomerular clearance, 1172-1177 
glucose-6-phosphate dehydrogenase 
activation, 612-616 
and glutathione, 456-475, 921, 1084* 
glycine uptake, 942-945 
hereditary spherocytosis, 1080* 
iron uptake, 1045, 1827-1830 
after irradiation, 653 
and lactate production, 1084* 
M, 1832-1833 
marrow cell formation, 1045* 
oxidation, 460-461, 470, 473, 1856- 
1861, 1866-1869 
and breath-holding tests, 1503 
and Heinz body formation, 473 
and heme-heme interaction, 1826- 
1833 
reversibility, 636-641 
after para-aminopropriophenone, 
1857, 1861, 1866-1869 
and para-chloromercuribenzoate, 
463-465, 470-471 
paroxysmal nocturnal excretion, 
2011 


pH effects, 466-467, 1830 

and phenylalanine metabolism, 
1761-1763 

and phenylhydrazine, 458, 462-465, 

, 470-471 

and phosphate buffer, 1045* 

pK, and cyanmethomoglobin ab- 
sorption, 1830 

in plasma, after angiotensin, 1090* 

and primaquine concentrations, 135 

and pulmonary diffusing capacity, 
1325-1330 

pyruvate production, 1084* 

renal transport, 1172-1177 

S, 1867 


in sickle cell disease, 1058*, 1831, 
1856-1860, 1866-1869 

after sodium nitrate, 1857, 1861, 
1865-1869 


and sulfhydryl groups, 188, 470, 
473 


synthesis, 188, 940-945 
after chorionic gonadotropin, 
1867 


erythron life span calculation, 
774 

fetal content of mother’s blood, 
1867 

753, 764, 


and iron, 188-195, 753, 761 
labile pool, 1072* 
and pH, 188 
from protoporphyrin, 188-195 
quantitation, 753-782 
effects, 188, 466-467, 


in hemochromatosis, 
772 


in thalassemia, 1058* 
Hemophilia 
See also Antihemophilic factor 
and hexadimethrine bromide, 1426 
and protamine, 1426 
thromboplastin generation impair- 
ment, 16, 18, 1017 
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Hemorrhage 
and adrenal blood flow, 687-688, 
692-694 


and adrenocorticotropic hormone 
release, 203, 693, 695 

and aldosterone secretion, 201, 203, 
579, 580, 584, 685-689, 692- 
694, 1065*, 1165 

and anterior pituitary 
metabolism, 267 

and blood pressure, 580 

and corticosteroid secretion, 201, 
203, 693, 1065* 

after hypophysectomy, 580-384, 

686-688, 1065* 


glucose 


and corticosterone secretion, 201, 
203, 580, 685-688 

and glucose uptake, and insulin, 
65-267 

and 17-hydroxycorticoid secretion, 

in inherited connective tissue syn- 
dromes, 1087* 

and labile serum factor defect, 18, 


and plasma flow, 580 

and Porter-Silber chromogen se- 
cretion, 201, 203 

after surgery, 1077*, 1087* 


Heparin 


and blood pressure, 1090* 

and hexadimethrine, 1422-1429 
and hog intrinsic factor, 69 
neutralization, 1423-1429 

and protamine, 1423-1429 


Hepatitis 


antinuclear globulin tests, 2126— 
2133 

autoantibodies, 1043* 

potassium metabolism, 1028* 

serum lactic dehydrogenase activ- 
ity, 587 


Heredity 


See also Familial tendency 
of acanthocytosis, 1088* 
of acatalasemia, 2199-2208 
and angiotensin neutralization, 
1090* 
connective tissue 
surgery, 1087* 
and consanguineous 
2199-2208 
in double albuminemia, 821-826 
in glucose-6-phosphate dehydrogen- 
ase deficiency, 1060* 
in glycogen storage disease, 1842- 
845 
and orotic aciduria, 662-663 
of phenylthiocarbamide non-tasting 
trait, 1751-1757 
of platelet antigen, 1603-1606, 1616 
spherocytosis, 1080* 
in Wilson’s disease, 707-714 
Herniorrhaphy, and thyroxine-bind- 
ing globulin decrease, 2056— 
2057 
Herpes simplex, glutamic-oxalacetic 
transaminase release, 1042* 
Hexadimethrine bromide, and anti- 
hemophilic globulin deficiency, 
1421-1429 
Hexahydro-scillaren, 314 
Hexosamine, 1033* 


syndrome after 


marriages, 


Homograft. 
Hormones 


Hurler’s syndrome, 


Hydrocortisone. 
Hydrogen ion 


Hexoses 


in erythrocyte storage, 1192 
gamma globulin fraction assays, 
123 


Hippuric acid 


conjugation in uremia, 1213-1214 
excretion and glycine, 943-945, 
1311-1312 


Hirsutism, cortisol secretion, 1315 


and adrenocorticotropic hormone, 
1320 


Histamine 


and gastric secretions after aceta- 
zolamide, 1035* 
role in endotoxin shock, 1631-1637 


Histidine 


in albumin peptides, 822 

in cerebrospinal fluid and plasma, 
1371-1372 

aiter endotoxin, lethal doses, 1632- 

formiminoglutamicaciduria after 
loading, 1091* 


Hog intrinsic factor, 66-71 


1656- 


in pernicious anemia, 70, 
1662 
See Transplantation 


See also specific glands; 
hormones 

aldosterone-stimulating, 1466-1474 

antidiuretic. See Diuresis; Anti- 
diuretic hormone 

thyroid-stimulating. 
tropin 


specific 


See Thyro- 


Huntington’s chorea, cerebrospinal 


fluid amino acids, 1364-1371 
cerebrospinal 
fluid amino acids, 1364-1371 


Hyaluronic acid 


in dermal colloidal matrix, 2153- 


half-time, 2153-2161 
and hog intrinsic factor, 69 


Hyaluronidase 


and dermal colloidal components, 
2153-2161 


Hydration 


and aminophylline, 740 
diuretic responses, 740 
and hydroxyproline excretion, 845 


Hydrochloric acid 


and electrolyte metabolism, 1046* 
and pH, 950, 1076* 
salt-free hydrolysate of casein, 89 


Hydrochlorothiazide 


in hypertension, and angiotensin 
IT, 1090* 

in hyperuricemia induction, 1961— 
1966 


magnesium excretion effect, 1086* 

urate retention in secondary gout, 
1312 

See Cortisol 


and bicarb te, 1048* 
reabsor, 1248 
and buffer stores, 1234 
and electrolyte metabolism, 1046* 
in hyperparathyroidism, 
20 


and urinary protein excretion, 533 


Hydrogen peroxide 


and hemoglobin response, 920 
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and iodinations, 1409 

and plasma, clot-promoting activ- 
ity, 814 

Hydropenia 

and reabsorption, 860- 


and organomercurials, site of ac- 
tion, 1475-1485 
in potassium deficiency, 2215-2224 
and water conservation, 2215-2224 
118-Hydroxy 3,5,androstadiene-17- 
one, 1079* 
118-Hydroxyandrostenedione, 1079* 
3-Hydroxyanthranilic acid, excre- 
tion in pregnancy, 618 
17-Hydroxycorticoids 
and adrenocorticotropic hormone, 
579-585, 1065*, 1320 
plasma assay, 1067*, 1320 
cerebrospinal ratio, 1999-2005 
after renin extracts, 1065* 
urinary excretion, 343-345, 1048* 
Hydroxyindoleacetic acid, 1055* 
3-Hydroxykynurenine, excretion in 
pregnancy, 618-622 
4-Hydroxymethyl-6-methoxy-qui- 
noline, and quinidine-albumin 
binding, 510-516 
Hydroxyproline 
excretion in Marfan’s syndrome, 
843-849 
glomerulus content, 177-180 
transport system, 1080* 
Hydroxytryptamine, platelet survi- 
44-51, 1050*, 2134— 


. Hypercalcemia 
in adrenal insufficiency and corti- 
sone, 1066* 
and hyperparathyroidism, 441-444, 
717-722, 1089* 
and strontium dynamics, 1812-1814, 
1819-1823 
after vitamin A, 1035* 
and vitamin D, 719-722 
Hypercholesterolemia 
and atherosclerotic plaques, 1139- 
1152 
and coronary heart disease, 1082* 
Hyperglobulinemia 
aa factors, 1071*, 2126- 
2133 


in multiple myeloma, 697-702 
Hyperglycemia 

in diabetes, 1679-1680 

and glucose metabolism, 1277, 1714 

and insulin, 1277, 1717 

resistance, 1679-1680 
Hyperkalemia, and potassium me- 
tabolism, 1029* 

Hyperlipemia 

lipoprotein patterns, 543 

in liver glycogen disease, 370 
Hyperparathyroidism 

bone phosphate exchange, 433-444 

osteoblastic activity, 1817-1818, 

1822 

and renal function, 719-722 

strontium dynamics, 1812-1818 

after vitamin A, 1035* 
Hyperplasia 

adrenocortical, 1029* 

congenital, salt-losing form, 1025* 

in Cushing’s syndrome, 1253-1255 
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strontium dynamics, 1812, 1813, 
1817, 1823 
intimal, plaques, 
Hypertension 
adrenocortical steroid secretion, 
1250-1260, 2026-2042 
angiotensin II, 1025*, 1090* 
and renin system, 2026-2042 
and arterial rigidity, 936, 1915- 
1917, 1924 
and bacteriuria relationship, 1053* 
and barium sulfate, 1787-1788 
and bretylium, 1062*, 1787-1788 
and coronary heart disease, 1082* 
and dyspnea, 1061* 
excretion, 408-422, 1922- 
925 


glomerulonephritis, 1529, 1548 
in acute, 1546 
and guanethidine, 1062* 
hypertensive trait retention, 1925 
malignant, 408-415, 2032-2035, 
2039-2040 
a-methyl-3,4-dihydroxy-pL-phenyl- 
alanine, 1089* 
portal, 1088* 
pulmonary, 1731 
embolic cardiorespiratory  ef- 
fects, 1785-1796 
renal blood flow, 837-841 
and renal function, 408-415, 1085*, 
1090*, 1547-1548, 1922-1925 
tubular para-aminohippurate se- 
cretory capacity, 837-841 
renoprival, and medullorenal ex- 
tract, 1065* 
and sodium restriction, 1044* 
and urine flow rates, 1037* 
Hyperthyroidism 
catecholamine content, 1033*, 1041 
cortisol metabolite excretion, 1091* 
and glomerulonephritis, 1526-1527 
pulmonary function, 348-363 
strontium dynamics, 1812, 1817 
and sympatho-adrenal system, 1040* 
thyroxine disappearance, 1001 
Hyperuricemia, 1056*, 1304-1314, 
1961-1966 
idiopathic, 663 
Hyperventilation 
and blood flow, cerebral, 1298 
forearm, 35-37 
and carbon dioxide tension, 38, 42, 
1299 
in exercise, 1777 
and isoproterenol, 1792 
oxygen cost, 972-979 
Hypocatalasemia, 2199-2208 
Hypoglycemia, 1067* 
atter alloxan, 268-270 
and fatty acids, 175 
after galactose infusion, 2020 
in — glycogen disease, 365, 368, 
0 


Hypogonadism, and thyroxine-bind- 
ing globulin, 2053-2063 

Hypokalemia, 1036* 

Hyponatremia, in sodium depletion, 
867-873, 2049-2051 

Hypoparathyroidism, 1089* 

bone mineral content, 441-444 

and cortisone, 1066* 

after parathormone, 1070* 


after vitamin A, 1035* 
and vitamin D, 717-722 
Hypophysectomy 

and adrenal function, 580-584, 685- 
688, 692-694, 1065*, 1467-1473, 
2028 

and antiserum thyrotropin inhibi- 
tion, 101 

and chromogen secretion, 203, 2028 

and fetal growth, 248-249 

lipid acetate uptake after ethanol, 

300-13 


Hyposthenuria, in potassium deple- 
tion, 2215-2224 
Hypotension 
after amine oxidase inhibitor, 1077* 
and bretylium, 1062* 
after endotoxin, 298, 1633-1634 
after erythrol tetranitrate, 1220 
and guanethidine, 1062* 
hexadimethrine effects, 1422 
and organomercurials, 1072*, 1481 
orthostatic, after anesthesia, 596 
after phlebotomy, 1884-1885 
and protamine effects, 1422 
and quinoline, 515 
after trimethaphan, 1888 
Hypothyroidism. See Myxedema 
Hypoxanthine 
adenylate uptake, 1190 
in erythrocyte storage, 1063*, 
1190, 1192 
Hypoxia. See Oxygen 


I 


Icterogenin, 1023* 
Ileum, absorption rates in sprue, 
1079* 


Imidazoleacetic acid, 1052* 


Immune reaction 
auto-antibody formation, 184-185, 
1043* 


and thrombocytopenia, 1597-1620 
to beef-pork and human insulin, 
1803-1808, 2190-2198 
to brucella vaccine in rheumatic 
diseases, 1872-1881 
to Eaton’s agent, 1076* 
in atypical pneumonia, 1644-1646 
to endotoxin, 1030*, 1940 
in eosinophilic transfer, 1059* 
in erythroblastosis, 874-883 
and erythrocytes, 184, 1023* 
and erythrocuprein, 2007-2015 
to Escherichia coli after Boivin 
antigen treatment, 1935-1951 
and gamma globulin complexes, 125 
in hemolytic anemia, 
in hepatic diesase, 1043*, 1071* 
to hog intrinsic factor, 70-71, 
1656-1662 
in hypergammaglobulinemia, 1071* 
and hypersensitivity, 521-522, 1070* 
in ulcerative colitis, 2126-2133 
and insulin, 799-802, 1803-1808 
differential for endogenous and 
exogenous, 2092-2102 
Fisher-Cambridge preparation, 
comparison, 2190-2198 
in lupus erythematosus, 2126-2133 
to measles-virus vaccines, 1062* 
in nephrosis transfer, 1048* 
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Immune reaction (cont'd, 
nonreciprocal cross reaction, in 


preparations, 1945-1948 

and platelets, 1035*, 1608-1609 

in purpura, post-transfusion, 1617- 
1618 


after skin transplant, 631-635, 
1035*, 1040*, 2162-2170 
species differences, 517-524, 1608- 
1609, 2190-2198 
and splenic cell transfer, 705, 706 
in staphylococcal colony variants, 
1054* 
and syncytial virus, 1052* 
and synthetic polypeptides, 1042* 
to thyrotropin, 92-104 
to trachoma virus vaccine, 1045* 
to urine R-1 mucosubstance, 1453- 
1465 
in vesicular stomatitis, 1081* 
Indican, excretion in sprue, 1055* 
Indicator-dilution theory, 2111-2125 
Indocyanine green 
formula, 1651, 1654 
plasma clearance, 1648-1655 
Indole-3-acetic acid, excretion in 
sprue, 1055* 
Infant 
apneic paralyzed, pulmonary com- 
pliance, 273-278 
calcium metabolism, 1768 
galactosemic, and hypoglycemia, 
2020 


idiopathic hypocupremia, 2011 
macrosomia, 243 
newborn, 20-21 
estriol conjugation, 1085* 
premature, and growth hormone, 
243-250 
size, and maternal acromegaly, 249 
Inosine, and erythrocyte storage, 
1063* 
addition, early, 1178-1184 
late, 1185-1193 
Inositol, phosphkatide 
in leukemic leukocytes, 425-432 
plasma extraction, 1194-1201, 1202- 
1207 
and thyrotropin, 477 
Insulin 
in adipose tissue, 1081*, 1089* 
sulfhydryl inhibitors, 1059* 
and anterior pituitary in carbo- 
hydrate metabolism, 261-272 
antibody complex, 799-802 
beef-pork and human, 1803, 1808, 
2190-2198 
and arteriovenous differences, 2099 
assay, 2 
differential for endogenous and 
exogenous, 2092-2102 
Fisher-Cambridge preparation, 
comparison, 2190-2198 
and blood sugar, 266, 1022*, 1675 
diabetes, 1089*, 1672-1681 
and fatty acids, 171-174, 1059* 
and glucagon-binding reaction, 
1283, 1286-1288 
and glucose, 173-175, 261-272, 
1059*, 1075*, 1679, 1681, 1710- 
1717 
and glycogen deposition, 1681 
hepatic uptake, 2095-2097 
and lactate production, 1059* 
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myocardial response to, after 
strophanthidin, 1075* 
peripheral uptake, 2097, 2098 
in plasma, 173-175, 1681, 2097- 
2098 
in pregnancy, 2180-2189 
and renal oxygen consumption, 
839, 840 
resistance, 210-217, 1073*, 1672- 
1681, 2190-2198 
secretion, 1083* 
liver bypass, 1716 
in serum, 1073* 
Intestine. See Gastrointestinal tract 
Inulin clearance 
after aldosterone, 155, 904-905 
after azauridine, 1909 
and calcium levels, 719 
chloride excretion, 1971 
after chlorothiazide, 862 
after cortisol, 155, 156 
in cystinuria, 1040* 
after dextrose, 904 
after hemoglobin infusion, 1172- 
1177 


after mercurial diuresis, 1478 
after parathyroid adenoma _re- 
moval, 719 
and urate, in gout, 1052* 
- iter water, 904-905, 907 
Iodide peroxidase, from sheep thy- 
roid, 1032* 
Iodine 
and thyroid function, 349, 261, 
1045*, 1060*, 1394-1412 
and neutron activation analysis, 
1047*, 1984-1992 
after thyroid-stimulating 
mone, 1077* 
and transferrin, 2143-2152 
triphosphopyridine nucleotide gen- 
erat‘on, 145* 
Iodine, ein-bound, 1060*, 1377- 
1379 
and 2,4-dinitrophenol, 1377 
and 5,5-diphenylhydantoin, 1377 
and flavin mononucleotide, 1060* 
and salicylate, 1377 
after tetrachlorothyronine, 1377- 
9 


hor- 


Iodoacetate 
and calcium metabolism, 2086 
insulin-like action in adipose tis- 
sue, 1059* 
and iodinations in thyroid gland, 


and platelets, 45, 47 
Iron 
absorption, 770-771, 1153-1159 
deficiency, 1155-1158 
and erythropoisis, 762, 767, 769, 
1071* 
and extravascular fluid exchange, 


half-life, 2153-2161 
in hemochromatosis, 771, 772, 774 
and hemoglobin, 188, 191-194, 
1045*, 1827 

synthesis, 189, 753-782, 1072* 
ingestion and retention 

direct assay, 1153-1159 
irreversible fixation in erythrons, 


metabolism, 1054* 


and irradiation, 649-654 
mucosal transport block, 1060* 
reutilization and amphotericin B, 

1079* 


serum concentration, 653-654 
storage, 772, 1072* 
mathematical calculation of, 764, 


pool size, 754-762, 1053* 
and transferrin, 767-772, 
1072*, 1079*, 2143-2152 
turnover rate, 1045* 
formula, 653 
and turpentine, 1060* 
uptake, 649-654, 767-769, 1036* 
Irradiation 
of pituitary, in Cushing’s 
drome, 1029* 
total body, and iron metabolism, 
649-654 
Ischemia 
of limb and serum enzyme levels, 
1070* 
renal, and hypertension, 1547-1548 
Isocitrate, in thyroid glands, 1398, 
1399, 1406 
Isocitric dehydrogenase 
and ischemia of limb, 1070* 
after pyridine nucleotide, 
1400 


1053*, 


syn- 


1398- 


L-isoleucine 
in cerebrospinal fluid of mental 
defectives, 1366-1371 
in uremia, 1213 
Isoniazid, and tryptophan metabo- 
lites, 620-621 
Isoproterenol, cardiorespiratory ef- 
fects, 1787-1788, 1791-1794, 
1994-1996 
Isostrophanthidin, 
mula, 314 


structural for- 


J 


Jaundice 
liver autoantibodies, 1043* 
and maternal ABO isoagglutinins, 
879-883 
pruritis, and bile acid pool, 1028* 
Jejunum 
absorption rates in sprue, 1079* 
epithelial damaged cell nuclei re- 
moval, 1058* 
Joints, in inherited connective tissue 
syndromes, 1087* 


K 


Kanamycin 
and iron uptake, 1037* 
staphylococcal susceptibility to, 
2209-2214 
Karyorrhexis, in marrow, 767-769 
11-Ketoetiocholanolone, and _ 11- 
ketonic metabolite excretion, 
1091* 
a-Ketoglutarate 
metabolism in diabetes, 1068* 
in thyroid glands, 1398, 1399, 1406 
Ketone bodies 
and fatty acids with fasting, 1086* 
in liver glycogen disease, 370 
17-Ketosteroids 
conjugated, 947-953 
after corticotropin, 1048* 


; 
Te 
| 
Me 
| 
| 
| 
‘ 
ah 
5 
vg > 
Be 


and cortisol, in adrenal congenital 
hyperplasia, 1025* 

and gonadotropin, chorionic, and 
pregnant mare’s serum, 1048* 

plasma, unconjugated, 404-407 

and prednisone, 1320 

Kidney 

abscess, 600 

aldosterone-stimulating hormone, 
684-696, 909, 1065*, 1466-1474 

and ammonia, 215-220, 1026* 

and angiotensin II, 1065, 2026- 
2042 

artificial, in glomerulonephritis, 
1547 

and bicarbonate, 1234-1236, 1248 

and calcium, 716-722, 1773 

chloride, and carbon dioxide ten- 
sion, 1235 

and circulatior role, 218 

and citrate, 1294, 1721-1722 

collecting ducts, 870 

concentrating ability, 716-722, 860- 
863, 1072*, 1332-1338, 1479, 
1868, 2043-2052, 2215-2224 

cortex, 1026* 

1109- 


structural 
1110 
and Coxsackie B: virus, 1054* 
and digitalis steroids, 302-315 
disease, 836-842, 1065*, 1312, 
calculous, 1454, 1456, 1462 
experimental, 165-170 
and diuretic agents, 145-150, 740- 
741 


homogeneity, 


and electrolyte excretion, 197, 
1046* 


after endotoxin, 309 
lethal doses, 1634 
LiAlHi-treated, 1946-1950 
tolerance development, 600-602, 
1061* 
erythrocuprein, 2011-2012, 2014 
erythropoietic-stimulating factor, 


extracts, 1065* 

after nephrectomy, 1467-1473 
failure, 1043* 
after fluoroacetate, 1721-1722 
after fluorocitrate, 1721-1722 
and folic acid, 1690, 1693, 1694 
function, 1044*, 1100-1112, 1546, 

1635 


and acid-base balance, 1621-1630 
and genitourinary tract infections, 
* 


in psoriasis, 1488 
stability factors, 1115 
and structure, 1093-1110, 1113- 
1131 
and strontium clearance, 234-242 
and vitamin D, 718-722 
in glomerulonephritis, biopsy find- 
ings, 1532-1544, 1548-1549, 
1558-1595 
See also Glomerulonephritis ; 
also Glomerulus 
glucagon concentration, 1287 
glucose handling, 1093-1131 
hydroxyproline concentration, 177- 
178 


hyperemia in anaplastic carcinoma, 
1089* 


SUBJECT INDEX TO VOLUME 40 


in hyperparathyroidism, 720 
and hypertension, 1065*, 
2036, 2038 
in hypoparathyroidism, 718-722 
insufficiency, 169 
and oliguria, 1043* 
lactic dehydrogenase activity, 587- 
588 
lesions, hemolytic 
etiology, 1525, 
1590-1595 
in potassium deficiency, 2215- 


1085*, 


streptococcal 
1532-1544, 


2224 
after malate, 1294 
after parathyroid adenoma _re- 
moval, 720 
and phosphate, 169, 1065* 
medulla, and countercurrent multi- 
plier system, 2215-2224 
nephron, 909 
measurements, 1094 
2 
papilla, 145-150 
hypertonicity, 2215-2224 
and phosphate, 1064*, 1078* 
transport, 165-170 
and potassium, 202, 287 
deficiency, 2215-2224 
and protein metabolism, 525-535 
in pyelonephritis, 600-602 
and R-1 mucoid, 1456, 1458-1459, 
1463-1464 
and renin, 694-695, 1065*, 2026— 
2042 


and sodium, 197, 202, 302-315, 721 
sulfobromophthalein conjugation, 
986 


transplantation, 1065* 
and vena caval constriction, 196— 
4 


tubules, 149, 157, 168, 836-841, 
906, 1089*, 2180-2189, 2215- 
2224 

and _ adenosine-3’,5'-phosphate, 
1068* 


amino acid transport system, 
1081* 

after autoimmune 
transfer, 1048* 

cell eosinophilic droplets, 870 

and ethylene diamine  tetra- 
acetate, 1073* 

of Necturus, 1068* 

obstruction, 600 

phenylacetylglutamine synthesis, 
1214 


nephrosis 


phosphaturic response to para- 
thormone, 1070* 
post-streptococcal, 1532-1533, 
1580, 1588-1589, 1594- 
reabsorption, 864, 1075*, 1690 
and urea, 1026*, 1312, 1956, 1959 
transport, 1056* 
by passive diffusion, 144-150 
water content, 302-315, 1037* 
weights, 1115-1120 


Krypton, in right ventricle output 


estimation, 643-648 


Kynurenine, excretion 


in pregnancy, 618-622 
in sprue, 1055* 


é L 
Lactate 
blood levels, 1022* 
and ammonia, 216-217 
and cardiac output, 32, 38, 1030* 
in ae glycogen disease, 367- 
372 


and cellular contents, after prima- 
quine, 135-137 
and fatty acids, 171-175 
and galactose metabolism pathway, 
2022-2023 
metabolism, in diabetes, 1068* 
myocardial arteriovenous differ- 
ence, 628 
production, 1036*, 1083* 
and glucose utilization, 915-923, 
1739, 2087 
and urate retention, 1312 
Lactic dehydrogenase, 2022-2023 
assay, 586-591, 1070* 
in erythrocytes, and pH, 918 
Lanatoside C, and heart contractile 
force, 53-58 
Latex fixation test, after brucella 
inoculation, 1857-1880 
Lecithin 
in acanthocytosis, 1088* 
in leukemia, 423-431 
in plasma, 1194-1201 
in nephrotic syndrome, 1202- 
1207 
Leucine 
in cerebrospinal fluid of mental 
defectives, 1371-1372 
in uremia, 1213 
in Venezuelan equine encephalo- 
myelitis, 1044* 
Leukemia 
and amethopterin, 1744, 1748 
in anemia, 1051* 
hemolytic, 181-187 
and deoxyribonucleic acid synthe- 
sis, 1031*, 1055* 
granulocytic, 1038*, 1051* 
kinetic studies of, 159-164 
lymphatic, 654 
and myelogenous cells, 1031* 
orotic acid excretion, 1911 
and phenylalanine hydroxylation, 
1748 


phospholipid composition in, 423- 
432 


and purpura, 2134-2142 

serum factors, 123, 181-187 

and stercobilin excretion, 1051* 

uric acid excretion, 1912 

Leukocytes 

and amethopterin, 1746 

antinuclear tests, 2126-2133 

cortisone effect, 794-798 

and endotoxin, 309, 1023*, 1027*, 
1633 

galactose oxidation, 2021 

and glucose, 1274, 1679 

in glycogen storage disease, 1841- 
1845 

insulin response, 1679, 1681-1682 

lactic activity, 587- 


5 
in leukemia, 425-432 
decarboxylation, 1909- 


phospholipid components, 426-432 
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Leukocytes (cond) 
polymorphonuclear, 794-798, 1532- 
1539, 1548, 1558-1559, 1564- 
1569 
in potassium depletion, 2215-2224 
and prednisone, 1897 
in pyelonephritis, 1049* 
after salicylates, 1897 
after skin grafting, 631-635, 2162- 
2170 
Leukopenia, antinuclear globulin 
tests, 2126-2133 
Linoleic acid 
in fatty acids, 1852 
in liver disease, 1025* 
myocardial extraction, 1381-1385 
phospholipid fractions, 1088* 
synthesis, 2171-2179 
Lipids 
See also Cholesterol; Fatty acids 
absorption in non-tropical sprue, 
1055* 
in acanthocytosis, 1088* 
and acetate, 925, 932, 1356-1360 
in adipose tissues, 476-489, 925- 
932 
and adult weight gain, 1022* 
and albumin infusions, 494-498, 
1024* 
in atherosclerotic plaque, 1139- 
1152 
in Boivin endotoxin, 1937-1938 
and catechol amines, 1994-1996 
and citrate, 1721-1725 
and dextran, 499-500 
and dietary intake, 894-901, 1048*, 
1139-1152 
adaptation to fasting, 1086* 
in endotoxins, 299-300 
and epinephrine, 2171-2179 
after ethanol, 1357, 1359, 1361 
and gamma globulin, 499-508 
and glucose, 1269, 1361 
insulin effects, 264-265 
and lactate, 628 
in liver, 1356-1361, 2171-2179 
metabolism, 267-268, 476-489, 
1086* 
and 2-deoxy-p-glucose infusions, 
171-176 
and growth hormone, 249 
in nephrotic syndrome, 490-508, 
1024*, 1203, 1205, 1207 
after nicotinamide, 1361 
and norepinephrine, 2171-2179 
and oxygen consumption, 624-630 
peptide binding, 1935-1936 
plasma, 502-508, 1084*, 1088*, 
1194-1207 
volume effects, 492 { 
and polyvinylpyrrolidone, 499-508 
in serum, 490-497, 540-543, 894- 
903, 1024* 
after sorbitol, 1361 
and hormone, 
9 


transport, 175, 1024*, 1994-1996 
and fatty liver, 2171 
and triparanol, 894-903 
Lipoprotein 

cholesterol-desmosterol ratio after 
triparanol, 8 

in nephrotic syndrome, 490, 496, 
505, 1204-1207 
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in serum, 536-544, 1204-1207 
after albumin infusion, 490, 505 
Lithiasis, glycine metabolism, 1311- 
1312 


Lithium-aluminum hydride, endo- 
toxin treatment, 1935-1951 
Lithocholic acid, 1069* 
Liver 
acetate uptake, 1356-1361 
and adrenergic blocking agents, 
170 


and ammonia, 215, 218-219 
and bilirubin metabolism, 1023* 
blood flow, 1413-1420 
and anesthesia, 592-598 
colloidal albumin measurement, 
1346-1354 
portal shunt effects, 1076*, 1413 
calcium uptake, 1773 
and chlorobutanol, 1026* 
cholesterol, 2171-2179 
ester fatty acid pattern, 1025* 
synthesis, 891 
cirrhosis. See Cirrhosis 
citrate concentration, 1721-1722 
copper-protein, 1081* 
in defibrination syndrome, 1053* 
and diphosphopyridine nucleotide, 
398, 1027*, 1356-1362 
disease, 123, 215, 998, 1087* 
antinuclear factors, 1071*, 2126—- 
2133 
labile serum factor defect, 19-22 
after endotoxin, 309 1 
lethal doses, 1634 
erythrocuprein, 2011-2012, 2014 
ethanol effects, 394-399, 1355-1362, 
2023 
fatty, 397, 1355-1362 
and adrenal gland, 2171-2179 
and anterior pituitary, 267-268, 
1361 


and epinephrine, 2171-2179 
and norepinephrine, 2171-2179 
fatty acids, 925, 1851, 2171-2179 
ferritin concentration, 1085* 
hemosiderin ratio, 765 
function, 1001-1003 
hlood-cerebrospinal fluid barrier, 
1064* 
galactose oxidation, 2021, 2023 
ae globulin complexes, 118, 
12. 


and glucagon, 1287, 1843-1845 

and glucose, 267-268, 395, 592-598, 
1063*, 1068*, 1274, 1706-1718, 
2180-2189 

glucose-6-phosphatase, 365, 371- 
372 


glycine specific activity, 943-945 

glycogen disease, 364-374, 1842- 
1845 

in hemochromatosis, 756-757, 760, 
764, 777 


hepatosplenic schistosomiasis man- 
soni, 1087* 

and hepatotoxic agents, 2171-2179 

and insulin, 1710-1717, 2095-2097 

intrinsic factor binding to recep- 
tors, 67, 69 

765, 769, 772, 778- 


lactic dehydrogenase activity, 587 


lipids, 1357-1360, 1721-1725, 2171- 
2179 
lipoprotein secretion, 2171-2179 
synthesis, 394-399, 1359--!360 
metabolism, 1027* 
and indocyanine green, 1654 
microsomes, and enzyme system, 
1026*, 1041* 
after nicotinamide, 1358-1361 
norepinephrine, 1391-1392 
after norepinephrine, 2171-2179 
palmitate oxidation in, 1358 
phenylalanine hydroxylase, 1747- 
1748 


phosphatide formation, 1206 

phospholipids, 2171-2179 

potassium metabolism, 1028* 

schistosomiasis, 1087* 

and sulfobromophthalein, 
1420 

conjugation with 

981-987, 1030* 

tetrahydrofolic acid, 88 

and thyroxine disappearance rates, 
996, 998, 1001-1004 

and vitamin Bis, 67, 1057* 


1417- 


glutathione, 


Lung 


abscess, 6, 601 
airway conductance, 329-337, 348, 
1086* 
alveolar-arterial gas 
114, 289 
alveolar volume, 1074*, 1500 
blood flow, 1-12, 317-328, 381, 834, 
1077*, 1323, 1432, 1792 
on squatting, 1062* 
and brain, thromboplastin activity 
differences, 205-214 
compliance, 1517, 1787-1792 
and alveolar occlusion, 357 


and aminophylline, 667-670, 670- 
671 


difference, 


and apneic infant paralysis, 273- 
278 


after atropine, 1787-1788, 1791- 
1794 

after barium sulfate, 1787-1788, 
1791-1794 

after bretylium tosylate, 1737- 
1788, 1791-1794 

after lysergic acid, 1787-1788, 
1791-1794 

and morphine, 670, 671 

after papain, 1086* 

and pressure breathing, 667-671 

and succinylcholine, 278 


after vagotomy, 1787-1788, 1791- 
1794 


cor pulmonale, 1027* 
capacity, 356, 361, 1323- 
325 
breath-holding technique, 1330, 
1775-1784 
for carbon monoxide, 1431-1440, 
1775-1784 
in heart disease, 319-321, 326, 
1432-1440 
helium dilution technique modifi- 
cation, 1511 
nitrogen washout method, 1728, 
1732-1733 
residual, 329-337, 349, 350, 829, 
1517, 1728, 1731-1733 
single breath method, 1495-1514 
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edema, 349, 356, 667-671, 1791, 
1792 


elastic properties, 1086*, 1515-1517 
emboli, 
17 


3, 352 ,450, 1053*, 1785- 
6 
emphysema, 329-337, 1509, 1730- 
17 782 


and exercise, 357, 361, 381, 1499, 
1502, 1777-1783 

and gas volume, 1523 

in heart disease, 105-116, 320, 
1432-1440, 1730 

hypertension, 1730-1733, 1793-1794 

in hyperthyroidism, 348-355, 360- 
361 


infections, 601, 1634 

interstitial fibrosis, 1730, 1733 

reservoir function and blood vol- 
ume, 384 

resistance, 320, 352, 671, 971-979, 
1086* 

sulfobromophthalein conjugation, 

surface phenomena effects, 1515- 
152: 


1777- 


regional variations, 1732-1733 
vital capacity, 355, 829, 972, 1324- 
1325 


ventilation-perfusion — ratio, 
1783 


volume, 1432-1440, 1499- _ 1511 
in lung disease, 114, 329-337, 
667, 670, 830, 832, 1500, 1787- 
1790, 1974 
volume-pressure relationship, 326, 
356, 1787, 1791 
work of breathing, 
Lupus erythematosus 
antigen response, 
1874-1875 
and calf thymus, 519, 522 
dermal colloids after 
dase, 2153-2161 
and genitourinary tract infections, 
1049* 
and hypersensitivity delay, 635 
mitochondrial enzymes, 1032* 
and platelet survival, 2134-2142 
and prednisone effects, 2153-2161 
and rheumatoid changes, 123, 1875 
serum factors, 1032*, 2126-2133 
Luteinizing hormone, and thyroid- 
stimulating hormone in sera, 
94-100, 103 
Lymph 
flow, 6 
in edematous subcutaneous tis- 
sue, 222-233 
gamma globulin complexes, 118, 
123 
nodes, 1554 
and nephrotic donor cells, 1048* 
Lymphocytes 
in glomerulonephritis, 1582-1585 
infiltration in skin transplant, 
2162-2170 
Lymphoma, anemia, serum factors, 
181-187 
Lymphosarcoma, erythrocyte cop- 
per concentration, 2011 
Lysergic acid, respiratory effects, 
1788-1791, 1794 


971-980, 1792 


1043*, 1456, 


hyaluroni- . 
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Lysine 
in cerebrospinal 
defectives, 1370— 
and electrolyte 1046* 
ether-esterase hydrolysis, 679-681 
in peptides, 1042* 
double albumin, 822 
protein synthesis from, 1088* 
reabsorption in cystinuria, 1040* 
Lysolecithin, in plasma 
nephrotic, 1203-1206 
normal, 1194-1201 
Lysozyme 
in granulocytes 
796-798 
in myeloproliferative 


1038* 


in mental 


after cortisone, 


disorders, 


M 


Macroglobulinemia 
in liver disease, 1043* 
serum gamma globulin complexes, 
117, 123 
Macrosomia, in infants, 243 
Magnesium 
and endotoxin, 307 
hydrochlorothiazide effects, 1086* 
and orotic acid metabolism, 658, 
660 
and platelet serotonin uptake, 49, 
50 
and primaquine-treated 
cytes, 135-136 
protein binding, 726-729, 
renal clearance, 235, 1087* 
and urea concentration, 1026* 
after sulfate infusion, 238-239 
and vitamin Bi. absorption, 1982 
Malonate 
platelet responses, 45-47 
and renal citrate clearance, 1292- 
1294 
in thyroid gland, 1402 
Mammary gland 
glucose metabolism, 1274 
phenylalanine hydroxylase 
1747 
Manganese, and endotoxin, 307 
and serum folic acid assay, 89 
Mannitol diuresis 
ana alkaline earth cation clearance, 
1087* 
in hydration, 732-741 
in hydropenia, 1072*, 1476-1484 
and phosphate secretion, 1028* 
and renal concentrating ability, 
721, 859-862, 1479 
and sodium deprivation, 2043-2052 
and strontium excretion, 235 
and urea concentration, 145-150, 
1956 
1037*, 2046, 2215- 


and urine flow, 


erythro- 


1087* 


assay, 


and water clearance, 858-862 
in potassium deficiency, 2215- 
222 
Marfan’s syndrome, hydroxyproline 
excretion, 843-849 
Measles, globulin-modified vaccine, 


Mediterranean fever, plasma 17- 
ketosteroids in, 400, 405 


2269 


Melanoma, malignant 
endotoxin febrile responses, 298 
and erythrocyte copper concentra- 

tion, 2011 , 
Menstrual cycle, tryptophan excre- 
tion, 620-622 

Mental defect 

amino acid concentrations, 


1363- 
1744- 


phenylpyruvic oligophrenia, 
1748 
Menthol, and galactose metabolism, 
2018-2023 
Mephentermine, and fat mobiliza- 
tion, 1994-1996 
MER-29, cholesterol and desmos- 
terol effects, 884-893 
See also Triparanol 
Meralluride diuresis, and renal con- 
centrating 731- 
741, 1072*, 1475-148 
Mercaptoethanol 
and brucella inoculation, 1876-1880 
and serum folic acid activity, 85, 
86 
Mercaptomerin 
1479 
Mercury 
and endotoxin degradation, 307 
and glucose-6-phosphate dehydro- 
genase, 612-616 
in lung, for air space evaluation, 
1515-1520 
in Necturus stop-flow microperfu- 
sion, 1067* 
in thyroid, 1397, 1404, 1405 
Mersalyl diuresis, 1072* 
Metanephrine 
and epinephrine metabolism, 253- 
260 
and fat mobilization, 1994-1996 
Metaraminol, and fat mobilization, 
1994-1996 
Methemoglobin 
and acetylphenyihydrazine, 470, 
1084* 


diuresis, 1072*, 


dissociation, 1830-1833 
and pK differences, 1830 
and glutathione, 459-460, 470 
and para-aminopropriophenone, 
1859, 1866-1869 
and phenylhydrazine, 140, 470 
treatment, 135, 


in sickle cell disease, 1865-1869 
and temperature effects, 466, 470 
Methicillin, staphylococci suppres- 
sion, 2209-2214 
Methimazole, 1033* 
and iodide effects, 1045*, 1402 
Methionine 
in mental defectives, 1370-1372 
in uremia, 1213 
Methoxamine, and fat mobilization 
1994-1996 
3-Methoxy-4-hydroxyphenylglycol, 
255-259 
and fat mobilization, 1994-1996 
6-Methoxy-quinoline, and  quini- 
dine-albumin binding, 510-516 
a- Methyl-3,4-dihydroxy - DL - phen- 
ylalanine, hemodynamic ef- 
fects, 1089* 
a-Methyl-dopa, 1994-1996 
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Methylprednisolone, in sodium de- 
pletion, 2 
N-Methy] -2-pyridone -5 - carboxa- 
mide, excretion in pregnancy, 
618-622 
a-Methyl thyroxamine, L-thyroxine 
monodeiodination inhibition, 
1133-113 
Mevalonate 
and cholesterol synthesis, 1063* 
and desmosterol, 888-892 
Mitochondria 
chymotrypsin digestion, 1032* 
and sulfobromophthalein conjuga- 
tion, 984 
Mitral valve, 1038*, 1074* 
stenosis, 113-115, 319-320, 972, 
1064*, 1730-1733 
and acetylcholine, 106-108 
and acetylstrophanthidin, 55, 58 
after digitalis, 53 
and dyspnea, 1061* 


Mongolism, cerebrospinal _ fluid 


amino acids, 1364-1371 
Morphine 
and hepatic blood flow, 592, 594, 
596 


pulmonary effects, 665-672, 831 
and splanchnic hemodynamics, 593- 
594 
and venous pressure in forearm, 
1036* 
Mucopolysaccharides 
in dermal colloidal matrix, 2153- 
2161 
plasma, in rheumatoid disease, 
1900-1905 
Mucoproteins, precipitation 
sodium chloride, 1462 
Muscle, 1062* 
bicarbonate, and net acid excretion, 
1234 
and blood flow, 38, 40 
and calcium, 1773 
cardiac, 851, 855 
digitalis-induced arrhythmia re- 
versal, 1058* 
after trimethaphan, 1889 
dystrophy, 1070* 
creatine metabolism, 850-856 
fatty acids, composition, 1380-1386 
fibrosis, 1038* 
serum factor deficiency, 18 
globulin, 1071* 
in glycogen storage disease, 365, 
1845 


after 


granulocytic, endotoxin response, 
1038* 

and guanethidine, 1062* 

in hyperammonemia, 219 

intracellular buffer systems, 1067* 

activity, 587- 


oxyhemoglobin dissociation shifts, 
1064* 


potassium, 383-393, 599-602 
respiratory, 971-979 
in hyperthyroidism, 348, 361 
in — embolism, 1792- 
1793 


sarcolemmal membrane permeabil- 
ity, 1070* 

skeletal, 383-393, 599-602, 851- 
855, 1062* 
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sulfobromophthalein conjuga- 
tion, 986 
and sodium, 870 
after aldosterone, 2109 
after strontium gluconate, 1810 
Myeloma 
calcium excretion, 1772 
gamma globulin, 123, 697-702 
hydroxyproline concentration, 178 
rabbit anti-R-1 antibody diffusion, 
1456 
Myocardium 
blood flow, and 
1050* 
and cardiac sympathetic tone, 555- 
562 


nitroglycerin, 


contractile force, 1075* 
and acetylstrophanthidin, 54 
after digitalis, 52 
and exercise, 624-630 
fatty acids, 1381-1385 
infarction, 1082* 
and adrenocorticotropic hormone 
levels, 1067* 
oxygen uptake, 624-630 
and pressure-volume 
1034* 
quinidine levels, 60-65 
Myxedema, 1(45* 
cortisol metabolism and _ produc- 
tion, 1091* 
and phenylthiocarbamide non-iast- 
ing trait, 1753 
and thyroxine, 998-1001, 1083* 


relations, 


N 


Naphthalene, and quinidine-albumin 
binding, 510-516 
Naphthol, and glucose oxidation to 
carbon dioxide, 915-923 
Neomycin, and vitamin B. absorp- 
tion, 1034* 
Nephrectomy 
and adrenocortical secretion, 196— 
204, 1065*, 1467-1473, 2028 
and potassium-sodium excretion 
after vena caval constriction, 
196-204 
Nephritis 
aminonucleoside and phosphate ex- 
cretion, 166-167 
genitourinary inflammatory 
date, 1049* 
glomerular. See Glomerulonephri- 
tis 
proteinuria, after bicarbonate, 534 
Nephrolithiasis, strontium dynam- 
ics, 1812, 1818 
Nephrosclerosis, hyalinization, 1537, 
1562-1563 
Nephrosis, 1529 
gamma_ globulin 
1929, 1930-1931 
lipid mobilization, 490-498 
and dextran, 499-508 
after serum albumin 
490-498, 1024* 
lipoprotein patterns, 543, 1206 
lymph node cell transfer of auto- 
immune, 1048* 
plasma phosphatides, 1197, 1202- 
1207 


exu- 


survival time, 


infusion, 


and biopsy in analysis, 1205 


Nervous system 
and aldosterone secretion control, 
1161-1170 
autonomic, 1033* 
and ventricular fiber length, 1888 
central, 1056* 
in hypoglycemia, 175 
vasoconstrictor centers, 39 
and virus infections, 1044*, 1056* 
in hyperthyroidism, 1033*, 1040* 
sympathetic, 1040* 
Neutron activation analysis, iodide, 
1984-1992 
Niacin, in pregnancy, 621-622 
Nicotinamide, and liver diphospho- 
pyridine nucleotide, 1358-1361 
Nicotinic acid, and folic acid ac- 
tivity, 89 
Nitrofurantoin, and glucose oxida~ 
tion, 915-923 
Nitrogen 
in adipose tissue, 926 
and alveolar gas distribution, 1728- 
1732 


amino, in uremic deproteinized 
plasma, 1208, 1209, 1215 
balance, 249-250, 1054* 
and acid-base balance, 1224-1249 
in hyponatremia, 870 
and protein intake, 845 
in potassium deficiency, 2215- 


and sodium depletion, 870 
in Boivin endotoxin, 1937-1938 
and hemoglobin, 921-922 
lung elimination of, in emphysema, 
329-337 
in platelet fraction, 1606 
Nitroglycerine 
and blood pressure, 1050* 
and nitrite side effects, 1868 
Nitrous oxide 
alveolar concentration, 1056* 
blood volume and succinylcholine, 
594-595 
and pulmonary capillaries, 1074* 
Norepinephrine 
and aldosterone, 340, 343-345 
after splanchnic nerve section, 
1165, 1170 
arteriovenous differences of in- 
fused, 1387-1293 
and blood flow 
adrenal, 1468 
capillary, 1046* 
and blood glucose, 2171-2179 
and blood pressure, 340, 1044*, 
1468, 1994-1996 
and cholesterol levels, 2171-2179 
excretion after 2-deoxy-p-glucose, 
174 


and fatty acids, 1024*, 1994, 2171- 
2179 
and 17-hydroxycorticosteroid ex- 
cretion, 343-345 
medullary secretion 
1043* 
after pressor agents, 338-347 
and ventricular function, 1887 
Norethandrolone, and_ thyroxine- 
binding globulin, 2059 
Norethylmaleimide, in 
1398-1411 


in anoxia, 


thyroid, 
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Normetanephrine, and fat mobili- 
zation, 1994-1996 
Nutrition, 1091* 
and renal function stability, 1115 
and tryptophan metabolism in 
pregnancy, 617-623 


Obesity, 1082* 
and fatty acids, 1084* 
and serum triglycerides, 1022* 
sodium excretion, 1046* 
Oleic acid, 1040* 
myocardial extraction, 1381-1385 
and plasma triglycerides, 1849-1854 
in serum, liver disease, 1025* 
Ornithine 
in cerebrospinal fluids of mental 
deiectives, 1366-1371 
reabsorption in cystinuria, 1040* 
Orotic acid, 656-664, 1073* 
and azauridine, 1909-1913 

Orotidine, 1909-1913 

Orotidine-5’-phosphate, 656, 657, 
661-663, 1073* 

Orotidylic pyrophosphorylase, 656, 
660, 661, 1912 

Orthophosphate 

and acid balance, 1626 
in leukemia, 423-432 
Osteitis, 433, 443 
strontium in differential diagnosis, 
1812, 1816-1817, 1823 
nonradioactive, 1818 

Osteomalacia, amino acid transport, 
1018* 

Osteoporosis, strontium in differen- 
tial diagnosis, 1812, 1813, 1818, 
1820-1821 

Otitis media, after Eaton’s agent, 
1076* 


Ouabain, 1036* 
renal action, 313-315 
Oxaloacetate, in thyroid gland, 
1398, 1399, 1406 
Oxygen 
and acetylphenylhydrazine, 456- 
457 


and acid secretion, 1066* 
alveolar tension, 105-115, 1727 
and gastric acid secretion, 1066* 
arterial concentration, 829 
after atropine, 1787-1788, 1791- 
1794 


after barium sulfate, 1787-1788, 
1791-1794 

after bretylium tosylate, 1787- 
1788, 1791-1794 

in lipemia, 626-627 

after lysergic acid, 1787-1788, 
1791-1794 

normal, 1833 

in pulmonary embolism, 1789, 
1 


3 
after vagotomy, 1787-1788, 1791- 
1794 


arteriovenous differences, 105, 626- 

627, 638-641, 1077*, 1416 

and cerebral blood flow, 1299 

after erythrol tetranitrate, 1218, 
1220 

hepatic, 1075*, 1416 

in hyperammonemia, 216-220 

in kidney disease, 836-841 
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and pulmonary occlusion, 830 


consumption, 974, 1057*, 1218- 
1221 


in adipose tissue, 479-487, 1059*, 
1090* 

and airway resistance, 320, 329- 
337, 348, 671, 972-979, 1086* 

breathing room air, 1827 

cerebral, 1298, 1301 

and exercise, 112-115, 624-630, 
1030*, 1064*, 1066* 

and fasting, 624-630 

and heart work, 979 

in hyperthyroidism, 352, 355 

and insulin, 1090* 

after iodide, 1045* 

and lipemia, 624-630 

and metabolic adaptations, 1030* 

myocardial, 1221 
and dry heat exposure, 1078* 

and phenylalanine, 1089*, 1748 

portal, 1416 

pulmonary blood flow, 1-12, 830- 
834 


renal, 216-220, 836-842 
and hypertension, 1837-1841 

splanchnic, 1075* 

and squatting position effects, 
1062* 

and thyrotropin, 477, 486-487 

hypoxia, 114 

erythropoietic response, 1077* 

hemodynamic effects, 107-108, 
1031* 

and norepinephrine secretion, 
1043* 


and respiratory mechanics, 329- 
337, 974-979 

in thyroid glands, 1396 

tension, 105, 114, 832, 1064*, 1066*, 

1431, 1727-1733 

and anemia effects, 1325-1330 
sickling process, 1856-1860 

in mitral stenosis, 106-108, 113- 
115 


after para-aminopropriophenone, 
1859-1860 
transport, 1-12, 1329-1330, 1856- 
1871 


Oxyhemoglobin 
in cyanosis, 1827, 1830-1833 
of erythrocytes, old and young, 
636-642 
and glutathione oxidation, 459-460 
and pH effects, 638-642, 1064*, 


in sickling process, 1860 


Paget’s disease, strontium dynam- 
ics, 1812, 1816-1817, 1823 
Palmitate 
and glucose oxidation after thyro- 
tropin, 484-487 
myocardial extraction, 1381-1385 
oxidation, and ethanol, 395 
after nicotinamide pretreatment, 
1358-1361 
plasma triglyceride uptake, 1040*, 
847-185 


Palmitoleate, 1025*, 1381-1385, 1852 
Pancreas 

endotoxin effects, 1634 

fiber elasticity loss, 1087* 


2271 


glucagon concentration, 1286-1287 
and insulin, 265-267, 1681 
and islets of Langerhans, 1083* 
release in pregnancy, 2180-2189 
pancreozymin-secretin test, 1029* 
Papain, 1061*, 1086* 
Para-aminobenzoylglutamate, 1052* 
and folic acid, 1691-1694 
Para-aminohippuric acid 
blood-cerebrospinal fluid barrier, 
1064* 


clearance 
and aldosterone, 904-905 
after dextrose, 904-907 
after hemoglobin, 1172-1177 
after strophanthidin, 313 
after water diuresis, 904-905, 907 
tubular secretory capacity, 836 
diurnal cycle, 1969-1970 
in potassium deficiency, 2215- 
222 
Para-aminopropriophenone, and 
methemoglobin in sickle cell 
disease, 1857-1869 
Parachloromercuribenzoate, 464, 
465 


insulin-like action in adipose tis- 
sue, 1059* 
Paraphenylenediamine, 1081* 
and serum oxidase activity, 1836 
Parathyroid, 1064*, 1066*, 1070*, 
1078* 
and bone 
calcium, 2083-2091 
hexosamine synthesis, 1033* 
and phosphate, 168-169, 1035*, 
1064* 


R-1 mucoid reaction, 1454 
and vitamin A, 1035* 
Para-toluene _sulfonyl- L-arginine 
methyl ester, 679-681 
Penicillamine 
and “cold” antibodies, 1056* 
in Wilson's disease, 445-453 
Penicillin, 1037* 
dimethoxyphenyl, and methicillin 
effects, 2209-2214 
and staphylococci, 24-29, 783-793, 
2209-2214 
Penicillin G, 783-793, 2215-2224 
and urticaria, after benzathine, 


2: 
Penicillin N, 783-784, 791 
Peristalsis, and heartburn in preg- 
nancy, 955-969 
Pharyngitis, and glomerulonephritis, 
post-streptococcal, 1526-1527, 
1546 


Phenobarbital, and steroid metabo- 
lism, 1041* 
Phenolsulfonphthalein, 1488 
excretion in  glomerulonephritis, 
1528-1529 
Phenoxybenzamine and _ forearm 
blood flow, 33-34, 40 
Phenoxyethylpenicillin, 783-784 
Phenylacetylglutamine, in uremic 
plasma, 1210-1216 
Phenylalanine 
and amethopterin, 1744, 1749 
in cerebrospinal fluid of mental 
defectives, 1366-1371 
ether-esterase hydrolysis, 679-681 
half-time, 1761 
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Phenylalanine (cont'd) 
metabolism and folic acid antago- 
nists, 1743-1750 
in peptides, 1042* 
and albumin, 822 
turnover in phenylketonuria, 1758- 
1765 
in phenylpyruvia, 1761-1763 
Phenylephrine 
and electrolyte concentrations, 338- 
347 
and fat mobilization, 
Phenylhydrazine, 1086 
and blood adenosine triphosphate, 
140, 1735-1742 
and crystalline bilirubin from bile, 
1443, 1448 
direct antiglobulin test, 184 
and glutathione, 456, 458, 462 
potentiation by para-chloromer- 
curibenzoate, 463-465, 468 
Phenylketonuria 
cerebrospinal fluid 
1364-1371 
phenylalanine 
1765 
Phenylpyruvic acid 
excretion after amethopterin, 
formation from tyrosine, 
1763 
Phenylthiocarbamide, _non-tasting 
trait in cretins, 1751-1757 
Pheochromocytoma, angiotensin IT 
metabolism, 1090* 
Phlebothrombosis 
albumin clearance, 229 
after estrogen, in Wilson's disease, 
45 
Phosphatase 


acid, and mitochondrial enzymes, 


1994-1996 


acids, 


1758- 


amino 


metabolism, 


1747 
1758, 


alkaline, 
in hyperparathyroidism, and 
strontium clearance, 1819, 1822 
after hypophysectomy, 248 
in myeloproliferative disorders, 
1038* 
in erythrocytes, 1189-1190 
Phosphate 
and acid balance, 1248, 1628-1629 
and calcium, 719-720, 1064* 
metabolism of bone, 2083-2091 
clearance, in renal disease, 166-167 
compounds of erythrocytes during 
storage, 1063*, 1178-1193 
excretion, 166-168, 574, 719, 1227 
after carbon dioxide exposure, 
1228-1236 
and parathyroid hormone, 1064*, 
1078* 


transient, 1028* 
and glucose, 914-924, 2087-2089 
in galactose metabolism, 2020 
in 433-444, 
20 


in plasma, and protein binding, 
727-729 

and platelets, uptake, 

9 

reabsorption, 168, 1064*, 1819-1823 

retention in hyperphosphatemia, 
165 

serum concentration, 168, 2089 


serotonin 
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Phosphatides 
in egg yolk, 899 
inositol, in leukemia, 423-431 
plasma constituents, 1194-1201 
in nephrotic syndrome, 1202- 


soybean, and thromboplastin gen- 
eration, 15, 20 
Phosphatidylethanolamine, 423- 
431, 1194-1207 
Phosphatidylserine, 425, 1200 
Phosphoethanolamine, in uremic 
plasma, 1214 
Phosphoglucomutase 
chlorobutanol effect, 1026* 
and galactose oxidation, 1081* 
6-Phosphogluconic dehydrogenase, 
1026* 
activation by erythrocyte stroma, 
613-616 
and glucose catabolism after vari- 
ous compounds, 919 
Phosphoinositide 
in leukemia, 425-432 
of thyroid, and thyrotropin, 477, 
486-487 
Phospholipids 
in acanthocytosis, 
after gamma globulin, 
in leukemia, 423-432 
liver, 2171-2179 
in nephrosis, 502-507, 1202-1207 
and norepinephrine, 2173-2179 
orthophosphate uptake, 423-431 
of thyroid, and thyrotropin, 477, 
486-487 
in plasma, 427-428, 1194-1201 


after palmitic acid injection, 
18 


1088* 
502-507 


in platelets, 423-432, 1050* 
after 502- 
5 
serum levels, 492, 536-544 
and egg yolks, 895-900 
Phosphopyruvate, of 
in storage, 1179-1183 
Phosphoribosylpyrophosphate 
in nucleotide synthesis, 1073*, 1190 
in orotic aciduria, 657-658 
turnover, in gout, 1052* 
Phosphorus 
in erythrocytes, 
1178-1192 
in hypoparathyroidism, 1070* 
intake, 1624 
and strontium effects, 1340-1345 
in nephrotic syndrome, 1203-1207 


during storage, 


in pseudohypoparathyroidism, 1070* ~ 


retention 
and growth hormone, 
in potassium deficiency, 
2224 
Pitressin. See Vasopressin 
Pituitary gland, anterior 
and adrenocorticotropic hormone, 
250, 1029*, 1091* 
and aldosterone secretion after 
caval constriction, 1468 
and carbohydrate metabolism, and 
insulin, 261-272 
enzyme activities, 1024* 
and fatty acids, 1086* 
growth hormone, 96, 1054* 
in hypopituitary dwarfs, 247 


247, 248 
2218- 


in premature infants, 243-252 
irradiation, in Cushing’s syndrome, 
1029* 
and thyrotropin, 96 
metabolic action, 476-489 
Placenta 
agglutinin transfer in erythroblas- 
tosis, 881-882 


hydroxylase assay, 


phenylalanine 
1747 


thionamide transfer across, 1755 
Plasma 
adrenocorticotropic hormone, 1029*, 
1067*, 1251-1253, 1315-1322 
albumin concentrations, 504, 551, 
553, 1666 
aldosterone half-life, 72 
amino acids, 1081* 
in mental defectives, 
in uremia, 1208-1216 
ammonium sulfate fractionation, 


1370-1372 


androsterone, 400 
antihemophilic factor, 1011, 1015, 
ascorbic acid, and glucose catabo- 
lism, 917 
bicarbonate, 574, 1047*, 1223-1248, 
1269-1272 
calcium, 236, 237, 240, 
1075*, 1089* 
carbon dioxide, 917, 918, 
1223-1249, 1272, 
1827 
cell 
hepatitis, 1043* 
tumor, 1699 
cerebrospinal fluid barrier, 1064* 
chloride, 1047*, 1224-1236, 1240- 
1249 
diurnal cycle, 1969-1975 
cholesterol, 502-507, 1900-1905, 
2171-2179 
esters, 1039*, 1084* 
chondroitin sulfate precipitability, 
1904 
and Christmas factor, 808, 1074* 
See also Plasma thromboplastin 
component 
clearance, 546-554, 1029*, 
albumin, 1036* 
aldosterone, 72, 
calcium, 240 
citrate, 723-730, 1291-1292 
cortisol, 1999-2000 
folic acid, 1052*, 1686-1691 
gamma globulin, 1926-1934 
glucose, 1716 
hemoglobin, 1090*, 1173 
of hexadimethrine bromide, 1423 
indocyanine green, 1648-1655 
insulin, 1682 
iodide, 1067*, 1890, 1984-1992 
iron, 651, 654, 760-762, 764, 768- 
769, 776, 1079*, 2143-2152 
myeloma protein, 1699 
norepinephrine, 1391 
oleic acids, 1849, 1851 
palmitic acids, 1847-1851 
para-aminobenzoylglutamate, 
1691 


723-730, 


1048*, 
1495-1514, 


1699 


78-80 


of protamine, 1423 
strontium, 234-242 
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sulfobromophthalein, 593-594, 
1648-1655 
tetrahydrocortisone, 2001 
transferrin, 1053*, 2143-2152 
triglycerides, 1850-1851 
uric acid, 1909 
coagulation, 15-16, 19, 807-818, 
1009-1917. 1074* 
of aged p. ma, 1008 
and cephalin-calcium mixture, 
807-808, 810 
after diisopropyl 
phate, 814-818 
and recalcification, 807-808 
in silicone-coated tubes, 810, 812 
and temperature, 809, 812 
See also specific plasma factors 
copper fractionation, 2014 
corticosteroids, 1067* 
cortisol, 1998, 2004 
after adrenocorticotropin hor- 
mone, 1251-1253 
in hirsutism, 1315-1322 
cysteine, 917 
dehydroepiandrosterone, 400-407, 
947-953 
and 2,6-dichloroindophenol dye, 46 
and endotoxin, 304-307 
and erythrocytes, 1047* 
copper component from erythro- 
cuprein, 2012 
etiocholanolone, -400, 951 
fatty acids, 1849-1854 
adrenals, 2171-2179 
free, 171-175, 247-250, 486, 
1024*, 1030*, 1039*, 1847- 
1852, 1993-1996, 21/1-2179 
flow, 580 
folic acid activity, 87 
glucagon, 1286 
glucose, 175, 266, 1130, 1211, 1270- 
1271, 1371-1372 
and glomerular filtration rate, 
1115-1120 
growth hormone, in prematurity, 
250 
hemophilic, 1009 
17-hydroxycorticoids, 1320, 1998 
insulin assay, 2095-2096, 2190-2198 
in diabetes, 1672-1683 
insulin-like activity, in pregnancy, 
2180-2189 
iodide concentration, 1067* 
ion. association and_ interaction, 
723-730 
iron, 769, 1072*; 1079*, 2143-2152 
turnover, 654, 753, 2143-2152 
by analog computer, 764 
formula, 653 
17-ketosteroids, 400, 947-953 
lactate levels, 175 
lecithin-sphingomyelin ratios, 1088* 
lipids, 626-629, 1039*, 1088*, 1846- 
1854 
and diet composition, 1084* 
in nephrosis, 499-508, 1024*, 
1202-1207 
trapping theory, 1206 
lipoproteins, 1900-1905 
lipase activity in coconut oil sus- 
pension, 505 
magnesium, 236, 723-730 
methionine, 1213 


fluorophos- 


osmolality, 732-741, 904-908, 2215— 
2224 

pH, 574-575, 1047*, 1076*, 1223- 
1249, 1900 


phenylalanine in phenylketonuria, 
1758-1765 
phosphate, 165-169, 723-730, 1064* 
phospholipids, 426-432, 502-507, 
1050*, 1194-1201, 1205 
phosphorus in anaplastic carci- 
noma, 1089* 
platelets, 45, 49-50, 804, 1039*, 
1050*, 1074*, 2134-2142 
potassium, 391, 1027*, 1044*, 1224- 
1249, 1529 
proaccelerin assay, 1015 
protein binding, 1047* 
of aldosterone, 1663-1670 
of calcium, 240, 728 
of citrate, 728 
of cortisol, 1665, 2003 
after Enovid, 1665-1670 
of folic acid, 1689 
of magnesium, 728 
of phosphate, 728 
of strontium, 240 
of tetrahydrocortisone, 2004 
prothrombin time, 813, 1013-1017, 
1074*, 1082*, 1424 
brain and lung differences, 208- 
214 


coumarin effects, 808, 1034* 
and barbiturates, 1797-1802 
quinidine concentrations, 63 
renal flow, 1057*, 1172-1177 
after aldosterone, 904-906, 909 
after malate infusion, 1293 
after mercurial diuresis, 1479- 
1484 


after norepinephrine, 1044* 
after salyrgan, 1480 
rheumatoid, 1900-1905 
sodium, 235, 237, 726, 1046* 
diurnal cycle, 1969-1975 , 
in respiratory acidosis, 1027%*: 
1224-1249 ' 
sulfobromophthalein concentration, 
1416-1418 
thrombocytopenic factor, 1597 
thromboplastin antecedent, 803- 
819, 1041*, 1074*, 1087* 
thromboplastin component, 13-21, 
1007-1018, 1427-1428 
thyroxine binding, 1002-1004 
idiopathic decrease, 2053-2063 
transferrin levels, 1079*, 2143-2152 
triglycerides. See Plasma, lipids 
tyrosine, 1746 
urate level, 1961-1966 
in gout, 1056* 
urea, 150, 169, 1209-1211 
volume, 491-498, 1080*, 1701 
after cortisone, 552 
after dextran, 507, 546, 551 
after gamma globulin, 507 
after polyvinylpyrrolidone, 507 
and protein mass, 603-610 
Plasmin, 1077* 
and ether-esterase activation, 677, 


Hageman factor treatment, 813 
and p-toluenesulfonyl-L-arginine 
methyl ester, 808, 813 


Platelet 


antigenicity, 1035* 
genetic determinants, 1597, 1602- 
1605, 1613 
blood clotting activity, 20, 750-751 
and 2,6-dichloroindophenol, 46, 49 
fibrinogen, after trypsin, 1050* 
genotypes, 1616-1617 
after heparin, 1428 
after hexadimethrine 
1424-1429 
5-hydroxytryptamine, 44, 47, 49, 
51, 1051*, 2134-2142 
and labile serum factor defect, 15 
in lupus erythematosus, 2134-2142 
phenotype differentiation, 1603- 
1605, 1 
phospholipids, 1050* 
in leukemia, 423-432 
after protamine, 1424 
in purpura, 2134-2142 
post-transfusion, 4597-1620 
replacement therapy, repeated 
transfusions, 1039* 
serotonin, 44, 47, 49, 51, 1051* 
and thrombin action, 1050* 
in thrombocytopenia, 749-751, 
2134-2142 
viability preservation, 1035*, 1053*, 
1605, 2134-2142 
Pneumonia 
and respiratory syncytial virus, 
1052* 
and streptococcal glomerulonephri- 
tis, 1526-1527 
transmission, 1076*, 1638-1647 
Polyarteritis, antinuclear globulin 
tests, 2126-2133 
Polybrene. Sce Hexadimethrine 
bromide 
Polycythemia vera 
erythron radioiron in heme, 767 
gout, secondary, and uric acid pro- 
duction, 1304-1314 
granulocytic endotoxin response, 
1038* 
labile serum factor defect, 18, 21 
Polyglutamic acid, immunogenicity, 
1042* 
Polysaccharide 
in endotoxins, 299-300, 1935 
and intrinsic factor, 69, 70 
Polyvinylpyrrolidone, 1036* 
in hyperlipidemia, 499-508 
Pompe’s disease, 1841 
Porphobilinogenuria, 1048* 
Porphyrin, 1058* 
Posture 
and atrial pressure, 558 
and blood volume, and exercise, 
376-384 
and cardiac ouiput, 376-385 
and dyspnea induction, 1061* 
and heartburn during pregnancy, 


bromide, 


965 


and hypotension after anesthesia, 
596 


and intrapleural pressure, 1888 

and pulmonary function, in ane- 
mia, 1324 

squatting, circulation effects, 1062* 

urinary concentrating ability, 2044 
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Potassium 
balance, 409 
after adrenal surgery, 418 
in aldosteronism, 418, 421 
and carbon dioxide exposure, 
1223-1249 
and epinephrine, 1022* 
in steady state, 386-393, 1623- 
1624 
cellular content, 391, 1027* 
depletion, 130-139, 391, 1235, 1247- 
1248 


parathormone effects, 1070*_ 
pyelonephritis susceptibility, 599- 
602 


and renal concentrating ability, 
2215-2224 

after sulfate infusion, 238-239 

excretion, 574, 1044*, 1623 

and adrenal insufficiency, 199, 
1028* 

after aldosterone, 904-907, 910, 
2047 


after angiotensin, 339-342 
after carbon dioxide acidosis, 
1224-1236 
after caval constriction, 198, 200, 
1160 
and ethylenediamine tetraacetate, 
1073* 
after growth hormone, 247 
after hyponatremia, 870 
and mercurial diuresis, 1480 
after norepinephrine, 339, 343- 
345 
and phosphate, 89, 1028* 
after strophanthidin, 312 
external concentrations, and mus- 
cle composition, 386-393 
gastric secretion after acetazola- 
mide, 1035* 
in heart failure, 412, 414, 1027* 
in hypertension, 409, 412-414, 1923 
intake, 1224-1236, 1242-1249 
in hyposthenuria, 2215-2224 
in liver disease, 1028* 
metabolism, 1028*, 1046* 
myocardial uptake, 1075* 
primaquine and erythrocyte per- 
meability to, 130-143 
in renal disease, 599-602, 1044* 
in respiratory acidosis, 1027* 
and sodium, 340-345, 390, 910, 
1028*, 1234, 2045, 2215-2224 
in stool, 198-200 
in toad bladder, 2105 
transport, 1035*, 1075* 
Prednisolone, and thyroxine bind- 
ing, 2056-2057 
Prednisone 
granulocyte responses, 990, 1023* 
and hyaluronidase effects, 2153- 


lipoprotein response, 496-497 

in lupus erythematosus, 2153-2161 

in rheumatic fever, 1037* 

rebounds, 1893-1899 

in scleroderma, 2153-2161 
Pregnancy 

aldosterone binding, 1665 

blood glucose concentration, 2180- 

2189 


cortisol binding, 1665 
duodenal iron transfer, 1060* 
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erythrocyte copper and_ erythro- 
cuprein, 2011 
and heartburn, 954, 960-965 
hyperinsulinism, 2180-2189 
and infant ABO disease, 879 
phosphatase components, 1626* 
renal concentrating ability, 1331, 
1337-1338 
and serum 
1083* 
toxemia, urate retention, 1312 
tryptophan metabolism, 617-623 
water gain, 2180-2189 
Pregnane-3a,17a-diol-20-one, 1(25* 
Pregnane-3a,17a,20a-triol, 1025* 
Pregnane - 3a, 17a, 20a-triol-11- one, 
1025* 
A®’-Pregnene-38,20a-diol, 1025* 
Pregnene-38,17a-diol-20-one, 
1025* 
A’-Pregnene-38,17a,20a-triol, 1025* 
Pressure 
aortic, 564, 567, 1167 
in age groups, 933-938 
arterial, 1072*, 1084*, 1298, 1925 
See also Hypertension; Hypo- 
tension 
after acetylcholine, 107-108, 114 
and acetylstrophanthidin, 55 
after adrenal surgery, 418 
and aldosterone excretion, 418, 
1166-1167 
alveolar difference, 286 
and amyl nitrite, 936, 1917 
anesthesia effects, 593-597 
and angiotensin, 341, 2029-2031 
and arteriole electrolyte content, 
1925 
after atropine, 1787-1788, 1791 
as! barium sulfate, 1787-1788, 
1791 


after bretylium, 1062*, 1787-1788 

after carbon dioxide, 35, 37-42, 
596, 1506 

and cardiac hemodynamics, 32, 
55, 107-108, 560, 1033*, 1062*, 
1221 

after caval constriction, 198-201 

and corticosterone secretion, 
11 


thyroxine content, 


dry heat exposure, 1078* 

and endotoxin, 1632-1635 

after erythrol tetranitrate, 1218, 
1220 

and exercise, 112-115, 626 

in glomerulonephritis, 1528-1531, 
1543, 1544, 1548-1549, 1558- 
1564, 1570, 1576-1577 

and guanethidine, 1033*, 1062* 

and hemorrhage, 580, 1221 

and hexadimethrine, 1422 

in hypophysectomized-nephrec- 
tomized dogs, 

and lanatoside C, 55 

after lysergic acid, 
1791 

after a-methyl-3,4-dihydroxy-pL- 
phenylalanine, 1089* 

mineralocorticoid drugs, 620-621 

after norepinephrine, 343-345, 
1046*, 1166-1167, 1391 

after phenylephrine, 342 

after quinidine, 63 

renin effects, 2028 


1787-1788, 


and rigidity indices, 1916-1917 

after scopolamine, 593-594 

splanchnic nerve section, 1166- 
1167 

after trimethaphan, 1033*, 1883- 
1889 


1166-1167, 1787- 
atrial, 322, 326 
and myocardial function, 
562 
coronary sinus, 1218, 1220 
diastolic, 343, 555, 1544 
esophageal, 277, 977-979, 1885, 
1888 


in pregnancy, 957-969 
flow relations, 1050*, 1084*, 1086* 
shunt effects on capillary, 1439 
hepatic vein, wedge, 1075* 
intestinal, 1084* 
intracardiac, 564-572 
intracrasial. 1062* 
intraperitoneal, 969 
intrapleural, 1086*, 1789, 1888 
intrathoracic, and pulmonary air- 
ways, 1086* 
lung elastic, 1517-1518 
and airway conductance, 665- 
672, 1031* 
of infants, 275-277 
peristaltic, 956-969 
portal, 1084* 
after endotoxin, 1632-1635 
position effects, 558, 596, 1062*, 
1888 
pulmonary, 1517 
pulmonary artery, 35, 37, 42, 
107-110, 114, 115, 322, 386. 
562, 1057*, 1077*, 1089*, 1218, 
1220, 1506, 1786, 1789 
after erythrol tetranitrate, 1218, 
1220-1221 
wedge, 107-114, 
1436, 1439 
pulse, 597, 626, 1024*, 1033, 1062*, 
1089*, 1391, 1422-1429, 1917- 
1920 
after serum albumin infusion, 
1024* 


venous, 410, 695, 1036*, 1165, 1221, 
1632-1635 
ventricular, 53, 564, 1034*, 1882- 
1890 
and Starling’s law of heart, 
1882-1890 


1061*, 1433, 


Primaquine, and erythrocytes 


glucose catabolism, 915-923 
and lactic acid formation, 135, 915- 
923 


permeability, 130-143 
and glucose-6-phosphate dehy- 
drogenase deficiency, 140-143, 
919 


Proaccelerin 


in bronchiogenic defibrination syn- 
drome, 1053* 

and Christmas factor activation, 
1074* 

deficiency and proconvertin activ- 
ity, 749 

and prothrombin of aged plasma, 


and thromboplastin generation ac- 
celerator, 1017 
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and temperature effects, 1015 
Proconvertin 
assay, 1034’ 
activation, 743-751 
and Christmas factor activation, 


Serum ether-esterase activity, 680 

and thromboplastin ac- 
celerator, 1007, 1 

Progesterone 

cortisol and corticosterone uptake, 
1255-1257 

and galactose metabolism, 2018- 
2023 


and vasopressin response, 156 

and water clearance during diure- 
sis, 152-158 

Proline 

in body fluids of mental defectives, 
1366-1372 

and hydroxyproline excretion, 846- 
847 


transport, system, 1080* 
in uremic plasma, 1213 
Promethazine hydrochloride, car- 
diorespiratory effects, 1788 
Propentdyopent, and bilirubin con- 
version, 1448-1449 
Propylthiouracil 
formula, 1751 
in hyperthyroidism, 349, 361 
iodine binding,’ 1402 
after thyrotropin, 1076* 
taste thresholds, 1754 
Protamine, coagulation deficiency 
after, 1421-1430 
Protein. 
absorption droplet formation, 526- 
535 


and acid-mucopolysaccharide, 1904 
and alkaline earth cation clearance, 
1087* 
calcium binding, 240, 728-729, 
1087* 
citrate binding, 728, 1721-1725 
and copper concentration in Wil- 
son’s disease, 1081* 
cortisol binding, 1665, 2003 
and folic acid activity, 142° 
intake, 525-535, 1048* 
in hyposthenuria, 2215-2224 
in porphyria and porphobilino- 
genuria, 1048* 
in pregnancy, and_ bacteriuria, 
1337 


and renal concentrating ability, 
2215-2224 
and serum lipids, 895 
leucine uptake in encephalomyeli- 
tis, 1044* 
and magnesium binding, 728 
metabolism, 1054* 
and growth hormone, 249 
by kidney, and pH,. 525-535 
nonheme in  cyanmetmyoglobin, 
1071* 
and phenylalanine 
1761-1763 
and phosphate binding, 728 
in plasma, 603-610, 727-728, 1900- 
1905, 2004 
aldosterone binding, 1663-1670 
in rheumatic fever, 1038* 


metabolism, 
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in serum, in nephrotic syndrome, 
1024* 
and strontium binding, 240 
synthesis, 190-191, 249, 1054* 
and mammary carcinoma, 1700- 


in plasma-cell tumor, 1704 
after testosterone, 1088* 
and viral infection, 1044* 
and tetrahydrocortisone binding, 
2004 


and thyroid cysteine concentration, 
1060* 


thyroxine affinity, 1002, 1379 
in toad bladder, 1032* 
transferrin-iron complex, 2143- 
transport, 603-610, 1702 
Proteinuria 
and disturbances, 
535 
after albumin infusion, 491, 504 
in bacteriuria, 1336 
in glomerulonephritis, 1526-1531, 
1534, 1535, 1540, 1546-1549, 
1558-1563, 1570, 1578 
in nephrosis, 491-498, 504, 1540 
autoimmune transfer, 1048* 
and porphobilinogen excretion, 
1048* 


525- 


Prothrombin, 1082* 
in bronchiogenic defibrination syn- 
drome, 1053* 
after coumarin, 1034* 
and barbiturates, 1797--1802 
Hageman pad effect in Pyrex 
tubes, 
in serum, 7 20, 808, 1304*, 1424 
and thromboplastin, 16, 813 
in brain and lung, 208-214 
generation accelerator, 
1013-1017 
and thyroxine, 1001 
Protoporphyrin, in anemia 
hemolytic, 188-194 
hereditary, 1058* 
Pruritis, of jaundice, 1028* 
Pseudohypoparathyroidism, 
parathormone, 1070* 
Psoriasis, and uric acid metabolism, 


1008, 


after 


Pteroyltriglutamate, and folic acid, 
87, 1692-1694 
Pulmonary artery 
blood flow measurement, 1056* 
and absence of left artery, 2-3 
volume, 317-328 
engorgement, and dyspnea, 1061* 
pressure, 320, 1056*, 1432-1440 
and acetylcholine, 107-108, 114 
after amine oxidase inhibitor, 
1077* 
after digitalis, 53, 
after erythrol tetranitrate, 1218- 
1221 


and exercise, 107-108 
and ganglionic blocking agent, 
556-562 
and wedge pressure in congeni- 
tal heart disease, 1432-1440 
pressure-volume relationship, 322, 


after papain, 1086* 


2275 


temporary obstruction, and hyper- 
ventilation, 828-835 
Pulmonary valve, stenosis 
and 57 
and digitalis, 
aud lung diffusing capacity, 1432- 
440 


Purines 
in inosine-treated blood, 1063* 
metabolism, and uric acid produc- 
tion, 1312 
synthesis, 1311-1312 
phosphoribosylpyrophosphate re- 
action, 1190 
Pur, ura 
gamma globulin complexes, 118, 
123 


and glomerulonephritis, 1527 

and leukemia, platelet destruction, 
2134-2142 

post-transfusion, 1597-1620 

rheumatoid factor tests, 124 

1597, 1620, 2134- 


Pyelonephritis 
and genitourinary tract infections, 
1 


hypertension, 839-841, 1053* 
phosphate excretion patterns, 166- 
169 


susceptibility, 600, 937, 1061*, 1456, 
1946 


after potassium depletion, 599- 
and urinary concentrating ability, 
1337 
Pyrazinamide, and urate retention, 
1312 
Pyridine nucleotide oxidation, 
1032* 
and ascorbic acid, 1399 
and glucose oxidation, 918, 1069* 
and orotic acid excretion, 656 
in thyroid, 1069*, 1398-1400 
Pyridoxine 
in pregnancy, and urinary excre- 
tion patterns, 618-622 
and serum-folic acid activity, 89 
Pyrimidine, and orotic acid, 1073*, 
1909-1913 
in orotic aciduria, 656-664 
starvation,‘ 661 
‘after 6-azauridine, 
Pyrophosphate 
assay in orotic aciduria, 657 
and galactose metabolism, 
2023 


1909-1913 


2022- 


Pyruvate, 1030* 
and calcium metabolism, 2086 
and electron transfer inhibition, 
1032* 
in erythrocyte storage, 1192 
and galactose metabolism, 2020- 
0. 
and glucose oxidation, 917, 918, 
1739 


and glucose-6-phosphate dehydro- 
genase deficiency, 1083* 
metabolism in diabetes, 1068* 
in thyroid glands, 1398, 1399, 1406 
Pyruvic dehydrogenase, in muscu- 
lar dystrophy, 1070* 


2 
ye 
1074 1705 
» 
if 
i 
1486 
326 
1 
4 


276 SUBJECT INDEX TO VOLUME 40 


Q and transferrin, 1053*, 1072*, in cerebrospinal fluid of mental 
Quinidine 2143-2152 _ _ defectives, 1370-1372 
albumin binding, 510-516 Rheumatic disease in leukemic leukocytes, 425-432 
6065 antibody production, 519, 523, in lipid extracts, 1200 
1872-1880 in uremia, 1213 
cies binding 509-516 and cardiomegaly, 1893 . DL-serine ethyl ester, 679-681 
P and cholesterol-protein, 1900 Serotonin. Sce 5-Hydroxytrypta- 
R erythrocyte sedimentation rate, mine 
1895-1896, Serum 
me secretion pe — rebound, 103 albumin, 490, 704, 1024+ 
and angiotensin, 2026-2042 after prednisone, 1895-1896 ee gy transfer, 1059 
Reserpine, 1033* salicylate effects, 1895-1896, 2153- tissue 
and serotonin in platelets, 46, 47 2161 “diffe 820 
Respiration, 1086* valvular involvement, 1893 
in cardiac disease, 972-979 Rheumatoid factor 
and acetylcholine, 105-116 and acetrizoate binding, 1037* 
and dyspnea, 356 and dermal colloids, 2153-2161 
and exercise, 357 and gamma _ globulir, 118, 123, 
after hexadimethrine bromide, 1929, 1931 
1422-1423 specific affinity for, 117 
in lung disease, 667, 670, 974, 1785- in glomerulonephritis, 1526 in plasma-cell tumor, 1/( 
1788, 1791 and hyaluronidase, 2153-2161 
and pituitary thyrotropin, 476-487 and serum factors, 126-129 thyroxine binding, 001 
after protamine, 1422-1423 antinuclear, 1071*, 2126-2133 athatine 
pulmonary mechanics, 972-979, Riboflavin, and serum folic acid and vitamin A, 1035 
1026* activity, 89 amylase, in diabetes, 1029* 
and barium sulfate, 1787-1794 Ribonucleic acid angiotensin renal hypertension, 
in hyperthyroidism, 348, 350- and interferon, 1049* 1025* 
351, 357 and testosterone, 1089* antibodies, 126-129, 181-185, 1406, 
of infants, 277 in Venezuelan equine encephalo- 1661 
Respiratory quotient myelitis, 1044* auto-, 183, 1043* 
after carbon dioxide inhalation, 35, Ribose beef-human, assay, 2094-2095 
37-38 and erythrocyte storage, 1187, 1190 beef-pork, 1282 
aiter erythrol tetranitrate, 1218- specific activity in gout, 1052* calf thymus, 519, 2126-2133 
Riboside imidazoleacetic acid, 1052* and diethylaminoethyl-cellulose, 


heat-denaturation, i353 

and insulin, 

light effect, 1461 

in nephrotic syndrome, 490-498, 


and exercise, 627-628 Rickets, phosphatase components, 1027* 
1026* 


and pulmonary arterial occlusion, to endotoxin, 1935-1951 
30 Rose bengal, 1651, 1654 in erythroblastosis, in infants, 
Respiratory rate Ryanodine, 1057* 879-880 
and acetylcholine, 114 fixation reactions in purpura, 
after aminophylline, 668 S 1600-1601 
after atropine, 1787-1788, 1791-  Salicylates in glomerulonephritis, 1526-1527 
1794 in rheumatic fever, 1037*, 2153- glucagon binding, 1283, 1284 
and body temperature, 357 2161 in Hodgkin’s lymphoma, 1041* 
after erythrol tetranitrate, 1218- rebound, 1895-1897 to horse, 69 
; 22 in rheumatoid arthritis, and hya- and hog, 880 
in hyperthyroidism, 352 luronidase effects, 2153-2161 immunolygic specificity, 1023* 
after lysergic acid, 1787-1788, and thyroxine binding, 1374-1379 insulin, 1283, 1803-1808, 2092, 
1791-1794 Saliva ~ 2102, 2190-2198 
and morphine, 670 from blood groups, 68 guinea pig-beef insulin, 800 
and pulmonary diffusing capacity, enzymatic defects in orotic aci- after LiAlH, treatment, 1945 
_ 1777-1783 “duria, 660 in lupus erythematosus, 1874— 
after vagotomy, 1787-1788, 1791- Salyrgan, and renal concentrating 1876 
794 ability, 1476-1484 in pernicious anemia, refractory, 
Respiratory tract Sarcoidosis, 1035* 165 
cation concentration in erythro- and pulmonary diffusing capacity, platelet complexes, antihuman 
cytes, 1027* 1779-1783 globulin fixation, 1607-1608 
disease transmission and Eaton Schilling tests, 1656-1661 rabbit, 1657 
agent, 1074*, 1645 Scillaren-A. Sce Digitalis and R-1 uromucoid, 1457, 
syncytial virus infections, 1052* Scleroderma 1461-1462 ° 
Reticulocytes antinuclear factors, 1071*, 2126- in rheumatic diseases, 1872-1880 
in anemias, 1058* 213: to streptokinase, 1526-1527 
pernicious, 768 dermal colloids, 2153-2161 to thyroid-stimulating hormone, 
sickle cell, 1857, 1865-1869 after hyaluronidase, 2153-2161 92-104 
and globin concentrations, 945 prednisone therapy, 2153-2161 transfer, 703-706, 1048* 
in hereditary spherocytosis, 1080* serum albumin concentration, 1037* allergic encephalomyelitis, 
and iron, 767-768, 1053*, 1072* Scopolamine, and splanchnic hemo- 1069* 
after irradiation, 653 dynamics, 593-594 atypical pneumonia, 1638-1647 
maturation, 945 Secretin, choleretic response, 1072* in blood transfusions, 184 
after para-aminopropriophenone, | Sedoheptulose-7- phosphate, in in eosinophilia, 1059* 
1857, 1861, 1866-1869 erythrocytes, 1180-1193 trichloroacetic acid-prepipitable, 
after phenylhydrazine, 1084* Serine 1284 
after sodium nitrite, 1865-1869 in albumin peptides, 823 after vaccines, 1872-1881 
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complexes, 117, 


1071*, 2126- 


antigen-antibody 


antinuclear factors, 
2133 
bactericidins after cortisone, 794— 
bile acid and anion cation ex- 
change, 1028* 
bilirubin, 1051*, 1079* 
bovine, 94-104, 703-706, 1059* 
calcium, 135, 1819, 2089 
and intake route; 1767-1773 
and cortisone, 1066* 
and hyperphosphatemia, 168 
in hyponatremia, 870 
after parathyroid adenoma re- 
moval, 719 
and phosphate, 719 
and sodium deprivation, 718 
and vitamin A, 1035* 
carbon dioxide, 216-220, 527, 600, 
720 


in steady state, 1623-1624, 1626 
ceruloplasmin, 445, 707-714, 1837 
and chelating agents, 137, 138 
chicken and human heme synthe- 

tase fractions, 191 
chloride concentration, 1223-1249 
cholesterol, 894-900, 1024*, 1048* 

and adult weight gain, 1022* 

and atherosclerotic plaques, 1143 

esters, 884, 1025** 

in hyperthyroidism, 

in lipemia, 540-543 

in liver disease, 1025* 

in nephrotic syndrome, 492, 

1024*, 1048*, 1203 

after triparanol, 884-893 
chylomicron fractions, 536-544 
clotting factors, 13-22, 807-809, 

1007, 1016, 1034*, 1424 
copper, 445, 1836, 2010-2011 
cord, ABO isoagglutinins, 876-877 
creatinine, 492 

in bacteriuria, 1332 
desmosterol, 884-892 
dihydrocholesterol aiter A*‘-choles- 

tenone, 884 
electrolytes, 492, 599-602 

Sce also specfiec electrolytes 
enzymes, 1070* 

in muscular dystrophy, 1070* 
ether-esterase activation, 673-683 
fatty acids, 493-494, 537-539 
folic acid activity, 81-91 
gamma globulin, 117-129, 2126- 

2133 


1040* 


globulin, 119-121 
after colectomy, 2126-2133 
after dextran, 546 
glucagon binding, 1283 
myeloma, 700 
half-life, 702 
in ulcerative colitis, 2126-2133 
glucose, 175 
gonadotropin in adrenocortical neo- 
plasia, in pregnant mares, 
1048* 
growth hormone turnover, 
hexosamine, 1033* 
iodide and thyroid uptake, 1989 
iron, 1155-1156 
after total body irradiation, 653 


1086* 
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lactate, after 2-deoxy-p-glucose in- 
fasion, 173 
lactic dehydrogenase activity, 587- 
590 
linoleate, in liver disease, 1025* 
lipids, 492, 1024*, 1269 
and coronary disease, 536, 538, 
542-543 
density fractions, 537-544 
after dextran, 494-497 
and egg yolk, 894-901 
in nephrotic syndrome, 
1206 
lipoproteins, 490, 495, 1022*, 1206 
and total triglyceride concentra- 
tion, 536-544 
from lupus erythematosus, 
1071* 


1024*, 


1032*, 


lysozyme release, 1038* 
macroglobulinemia, 127 
magnesium, 135 
after hydrochlorothiazide, 1087* 
opsonins, after cortisone, 794-798 
osmolality, 716-722 
after adrenal surgery, 418 
in bacteriuria, 1332 
in hyperaldosteronism, 417 
in hypertension, 412, 414 
after meralluride, 737 
pancreozymin-secretin test in dia- 
betes, 1029* 
parathyroid hormone, 2089 
phenylalanine, after amethopterin, 
174 


phosphate, 165, 168, 2085 
phosphatides, 1199 
phospholipids, 537-544, 896 
phosphorus, 248, 1035*, 1070* 
potassium, 135-137, 409, 412-413, 
417, 600, 1029* 
after methylprednisolone, 2048 
after primaquine treatment, 135- 
137, 141-142 
proconvertin, 680, 1034* 
protein, 87, 875, 1696-1705, 1896- 
1897 
and erythrocytes, 140, 184, 1896 
insulin-carrying, 1073* 
and kidney function, 527 
precipitins, in * thyroid-stimulat- 
ing hormone preparations, 93 
thyroxine binding, 1373-1379 
after diethylstilbestrol, 1002 
prothrombin accelerator, 17, 20, 
808, 1034*, 1424, 1428 
rabbit antithyrotropin, 2011 
in hypophysectomized rats, 100 
rheumatoid factors, 117, 123, 126- 
129, 519, 1880, 1891-1899 
and acetrizoate, 1037* 
in ulcerative colitis, 2127-2130 
sodium, 409-412, 417, 1029* 
after deoxycorticosterone, 1057* 
in hyponatremia, 868, 870 
and sodium deprivation, 718, 
2043-2045, 2048 
strontium clearance rate, 1812- 
1814, 1819-1823 
Stuart factor, 15, 20, 1034* 
thrombotic accelerator, 13-22, 807- 
809, 1016, 1034*, 1041* 
thyroxine, 1083*, 1377 
prealbumin, 2056-2057 
transaminase, 1897 


urate, 1305-1308 
after azauridine, 1907 
in psoriasis, 1437-1488 
volume in steady state, 1623-1624 
in Wilson’s disease, 445, 448, 707- 
714, 1837 
Shock 


endotoxin, histamine release, 1631- 
6. 


and insulin, 265-267 
Sickle cell disease, 1058*, 1831 
methemoglobin formation, 1856- 
1871 
Silicic acid, and 
time, 815 
Skin 
homografts, 
2170 
delayed hypersensitivity, 631-635 
hyaluronidase injection 
and chondroitin sulfate, 
2155 
and hyaluronic acid, 2153-2155 
hyperelasticity in inherited connec- 
tive tissue syndromes, 1087* 
in psoriasis, 1493 
and staphylococcal infections, 29 
and methicillin, 2209-2211 
Smoking, and coronary disease, 
1082* 
Sodium 
absorption, 740 
and alkaline earth cation clearance, 
1087* 
arteriovenous differences, 1080* 
balance, 870, 1039*, 1623-1624 
and extracellular fluid concen- 
tration, 872 
in hyperparathyroidism, 720 
in respiratory acidosis, 1027* 
and volume regulation, 1046* 
bicarbonate, 32, 1076*, 1080*, 1623- 
1626 
and protein droplet 
formation, 527-529 
in bone, 872 
chloride, 33, 68, 575, 862, 904-907 
and acid-base balance, 1223-1237 
clearance in edema, 233 
and primaquine treatment, 132- 
136 


plasma _ clotting 


1035*, 1040*, 2162- 


2153- 


cyanide, and platelet serotonin up- 
take, 49 
dehydrocholate, 1651, 1654 
depletion, 867, 2045 
and hyperaldosteronism, 1466- 
1474 
in hyperventilation, 1247 
in hyponatremia, 867, 870 
in renal disease, 1037* 
diuresis, 720, 1072*, 1224-1236 
exchangeable, 157, 387-390, 418, 
421, 1029*, 1049* 
excretion, 223-233, 412, 867, 1049*, 
1574, 1623 
and acid-base balance, 1224-1236 
and adrenal insufficiency, 199, 
1028* 
after albumin, 1050* 
after aldosterone, 905-907, 2047 
after angiotensin, 339, 342, 345 
and baroreceptor denervation, 
1160, 1162 
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2278 


Sodium (cont'd) 

aiter caval constriction, 197-200 
1162 

cervical kidney, 202 

after deoxycorticosterone ace- 
tate, 1970 

after digitalis steroids, 313 

and diurnal cycle of glomerular 
filtration rate, 1967-1977 

and ethylenediamine tetraacetate, 
1073* 

after ferrocyanide infusion, 574— 
578 

after 9a-fluorocortisol, 1046* 

in hyponatremia, 869 

in mercurial diuresis, 1480 

aiter norepinephrine, 339, 343- 
345 


after phenylephrine, 342 
after phosphate loading, 574 
after sodium chloride, 575 
after strophanthidin infusion, 312 
and water diuresis, 154-155 
flux in Necturus kidney, 1068* 
gastric secretion after acetazola- 
mide, 1035* 
in hypertension, 412, 1044*, 1923 
and desoxycorticosterone ace- 
tate, 419-422 
and 9-a-fluorohydrocortisone, 
419-422 
intake, 154-155, 718, 720, 1044*, 
1048*, 1224-1236, 2045 
in hyposthenuria, 2217-2224 
potassium deficiency, 2215- 


interstitial fluid mixing, 1080* 
and liver palmitate oxidation, 
1359-1361 
metabolism, 223-233 - 
myocardial flow index, 1050* 
and renal concentrating ability, 
2043-2045, 2049 
mucosal permeability, 1039* 
nitrate, methemoglobinemia induc- 
tion, 1857-1869 
phosphate, 574-578, 1626 
and acid excretion, 
574, 
in See Plasma, sodium 
and potassium, 340-345, 390, 910, 
1028*, 1234, 2045 
deficiency, 2217-2224 
and proconvertin activity, 744-745 
reabsorption, 157, 863, 910, 1076*, 
1483, 2217-2224 
aldosterone stimulation, 2103- 
110 
retention, 198, 341, 345, 904-910, 
1971-1975 
after rit transplantation, 202 
after mineralocorticoid, 1057* 
transport, 136, 223-233, 387, 1954- 
1955 
and antidiuretic hormone, 1068* 
by toad bladder, 1039*, 2103- 
2110 
after vasopressin, 870, 1039* 
1955, 2108 
versenate, ‘719 
Somatotropin. See Pituitary growth 
hormone 
Sorbitol, and hepatic fatty acids, 
397-398 
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and fatty liver, 1356-1361 
Soybean trypsin in-ibitor, 677, 
1083* 


Spherocytosis, genetic carrier de- 
tection, 1080* 
Sphingomyelin 
in acanthocytosis, 1088* 
in leukemic leukocytes, 426 
and platelets, 427-431 
in plasma, normal, 1194-1201 
in nephrotic syndrome, 1202- 
1207 


Spironolactone, and water diuresis, 
54-155 
Spleen 
cell transfer of antigen-induced 
fever, 705, 706 
citrate levels after fluoroacetate 
and fluorocitrate, 1721-1722 
after endotoxin, lethal doses, 1634 
enlargement, 1)88* 
antinuclear factor, 124, 2126- 
2133 


and erythrocytes, virus-treated, 
1041* 


ferritin, after iron-dextran injec- 
tion, 1085* 
iron surface counting rates, 772, 
778-779 
and pyridine nucleotide-flavin sys- 
tem, 1033* 
sulfobromophthalein conjugation, 
986 
Sprue 
intestinal absorption, 1079* 
non-tropical, and tryptophan, 1055* 
Sputum 
Pseudomonas aeruginosa typing 
phages, 2066-2074 
Staphylococcus 
and  aminocarboxybutylpenicillin, 
-793 
and benzylpenicillin, 783-793 
and chloramphenicol, 24-29 
coagulase-positive, from clothing, 


and cortisone, 796-798, 1030* 
dissemination, 2209-2214 
and postoperative infections, 23- 


and erythromycin, 24-29 

host resistance, 24-29, 1030*, 1054* 

and methicillin, 2209-2214 

and penicillin, 24-29, 783-793 

phage patterns, 24, 25, 1054* 
reacquired after therapy, 2209- 

2214 


and 783- 
and streptomycin, 24-29 
and tetracycline, 23-29 
Starling’s law of heart, 1882-1890 
Stearic acid 
in fatty acids, 1851-1852 
myocardial extraction, 1381-1385 
and plasma lipids, 
turnover rates, 1040*, 1849, 1851 
Steatorrhea, in ac:.nthocytosis, 1088* 
Stercobilin, in refractory anemia, 
1051* 
Steroids 
adrenocortical, 1078* 
after adrenal gland transplanta- 
tion, 


angiotensin II effects on secre- 
tion, 2029-2031 
and atrophic glands, 1253 
and infection susceptibility, 794— 
798 
albumin binding, 1667 
and cholesterol synthesis inhibi- 
tion, 1063* 
in post-transfusion purpura, 1611 
in rheumatic fever, contraindica- 
tion, 1898-1899 
synthesis, after triparanol, 1063* 
therapy, post-streptococecal, 1528- 
in ulcerative colitis, and anti- 
nuclear test, 2126-2133 


Stool. See Feces 
Streptococcus 


in atypical pneumonia, 1646 
glomerulonephritis after tonsillitis, 


Streptokinase 


and ether-esterase casein digestion, 
680 

and para-toluenesulfonyl-L-arginine 
methyl ester hydrolysis, 808 


Streptomycin 


and iron uptake, 1037* ms 
and staphylococci susceptibility, 


24-29 


Stress, emotional, and calcium up- 


take, 1772 


Strontium 


and calcium, 240, 1339-1345 

excretion, 234-242 ,1812-1814, 1818- 
1823 

protein binding, 239, 1087* 

renal clearance, 1087*, 1814 

skeletal dynamics, 1809-1825 

after sulfate infusions, 238, 239 

turnover, 1812-1814, 1819-1823 


Strophanthidin, 313-315, 1075* 


See also Digitalis 


Stuart factor, 749-750, 1007 


and barium sulfate-adsorbed 
plasma, 20 
and Christmas factor activation, 


and coumarin, 1017, 1034* 

glass contact phenomenon, 1041* 

and labile serum factor defect, 
16-18 

serum assay, 1034* 

and thromboplastin antecedent, 
813, 1041* 

and thromboplastin generation ac- 
celerator, 1017 

and vitamin By, 1057* 

Succinate 

and electron transfer inhibition, 
1032* 

and iodinations in thyroid glands, 
1398, 1399, 1406 

and renal citrate clearance, 129°- 


Succinylcholine 
and hepatic blood flow, 596, 597 
and respiratory compliance in in- 
fants, 274-278 
and splanchnic vascular resistance, 
596-597 
Sulfadiazine, blood-brain barrier, 
1064* 
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Sulfate 
and plasma osmolal concentration, 
732-741 
and renal clearance of strontium, 
234-242 
space, after adrenal surgery, 418 
Sulfhemoglobin 
and acetylphenylhydrazine, 1084* 
formation, 473 
and glutathione oxidation, 458-461 
and hemoglobin estimation, 1859- 


Sulfobromophthalein 
formula, 1651, 1654 
after glycine, 1488 
radiolabeled, 1488 
hepatic clearance during anesthe- 
sia, 592-598 
metabolites, and glutathione conju- 
gation, 981-987, 1030* 
plasma clearance, 593-595 
dosage and blocking agent ef- 
fects, 1648-1655 
and portacaval anastomosis, 1416- + 
1418 


retention, 1088* 
and thyroxine, 1001 
Sulfur, and peroxide-generating sys- 
tems, 1060* 
Surgery 
adrenal, in mineralocorticoid hy- 
pertension, 421 
and adrenocorticotropic hormone 
assay, 1067* 
Swallowing, and heartburn in late 
pregnancy, 956-969 
Sweat, strontium and calcium con- 
tent, 1812 
Sympathectomy, after carotid bod- 
ies bicarbonate perfusion, 38- 
39 


T 
Taurine 
in cerebrospinal fluid of mental 
defectives, 1366-1371 
in plasma, 1371-1372 
in uremia, 1211-1216 ° 
Taurocholate, and bile flow, 1072* 
Taurolithocholic acid, 1069* 
Tay-Sachs disease, cerebrospinal 
fluid amino acids, 1364-1371 
Telangiectasia, thrombotic accelera- 
tor, 18 
Temperature 
and aldosterone binding, 1633-1670 
and arterial-alveolar gas differ- 
ence, 289 
and bilirubin diazo-reacting pig- 
ment, 1448 
and blood flow, 2111-2115 
during leg exercise, 380 
and cortisol binding, 1665 
and dry heat exposure, 1078* 
and erythrocytes, 136 
in storage, 1179-1183, 1187 
and ether-esterase development, 
676, 680 
and folic acid activity, 84, 86-87 
and gastric juice, intrinsic factor 
block, 67, 70 
and glucose-6-phosphate dehydro- 
genase activation, 612-616 
and glutathione oxidation, 456-457 
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and hemoglobin, 190 
iron uptake, 1045* 
oxygen affinity, 1828 

and insulin reactivity, 2190-2198 

and lipid acetate uptake, 928 

and oxyhemoglobin dissociation, 

639-641, 1831-1833 
and phosphate metabolism, 2085- 
2086 


and plasma clotting factors, 18, 
747-748, 807, 809, 1008, 1014~- 
1016, 1075* 

and plasma fractionation, 1901 

and platelet redox effect, 48 

and serum labile factor deficiency, 
18 

thiocyanate-diphosphopyridine nu- 
cleotide system, 1060* 

thyroid homogenate storage, 1397, 
405 

and urine, gas content, 281-284 

osmolality, in bacteriuria, 1337 
Terramycin, and trachoma virus, 
1045* 

Testosterone, anabolic effect, 1088* 
Tetrachlorothyronine, and thyrox- 
ine binding, 1373-1379 

Tetracycline 

and iron uptake, 1037* 

and staphylococcus susceptibility, 
24-29, 2209-2214 

Tetrahydrocortisol 

and cortisol metabolism, species 
difierence, 2005 

and thyroid function, 1091* 

Tetrahydrocortisol glucuronides, 
1997, 2003-2005 
Tetrahydrocortisone 
blood-cerebrospinal fluid passage, 
1997-2004 

excretion, and 11-ketonic metabo- 
lites, 1091* 

half-time, 2001 

Tetrahydrofolic acid, in bacterial 
enzyme systems, 

,5,3’-5'- Tetraiodothyropropionic 
acid, and thyroxine, 1133-1137 

Tetralogy of Fallot, and lung-dif- 
fusing capacity, 1432-1440 

Thalassemia, porphyrin synthesis, 
1058* 

Theophylline, and diuresis, 738, 741 

in hydropenic: man, 1484 

in toad bladder, 1068* 

Thiamine, and folic acid assay, 89 
Thiocyanate 
and protein-bound sulfur forma- 
tion, 1060* 
and thyroid function, 1033*, 1402 
Thiomerin, and water balance, 718 
Thionamides, taste thresholds in 
cretins, 1754-1755 

Thiourea, 1751 

and sulfur transfer, 1060* 

taste thresholds, 1754 
Thorium, 20 

febrile response, 1061* 
Threonine, in plasma, 1370 

and cerebrospinal fluid of mental 
defectives, 1371-1372 

in uremia, 1213 

Thrombocytopenia 

after hexadimethrine bromide, 

1424, 1428 
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after protamine, 1424 

prothrombin accelerator activity, 
708, 709 

therapy, 1615-1616 

after transfusion, 1597, 1613-1615 

Thrombophlebitis 

and pulmonary diffusing capacity, 

thromboplastin accelerator activ- 
ity, 1006-1018 


Thromboplastin 
in antihemophilic factor deficiency, 
1017 
brain and lung activity differences, 
205-214 


in bronchogenic defibrination syn- 
drome, 1053* 
generation, 1082* 
and bishydroxycoumarin, 19, 207, 
1017, 1034* 
endotoxin-induced, 1050* 
heat stability, 20, 1008, 1015 
after hexadimethrine bromide, 
1425-1426 
in labile serum factor deficiency, 
13-22 
after protamine, 1427-1428 
and prothrombin, purified, 207— 
212 
serum assay, 1034* 
soybean trypsin inhibitor, 677, 
1083* 
plasma antecedent, 744-747, 1017 
and Christmas factor, .1074* 
in connective tissue syndromes, 
1087* 
genetic transmission, 1087* 
and Hageman factor, 803-819, 
1041* 
and para-toluenesulfonyl-L-argi- 
nine methyl ester hydrolysis, 
808, 813 
Thrombosis, 1034* 
and atherosclerosis, 1139-1152 
cerebral, plasma adrenocorticotro- 
pic hormone levels, 1067* 
and glomerulonephritis, 1548 
subcutaneous tissue of edematous 
leg, 230 
thromboplastin generation accel- 
erator, 1006-1018 
Thrombus 
in glomerulonephritis, 1536, 1537, 
1576 
in hypercholesterolemic rabbits, 
1142 


Thymidine 
chromosome uptake, 1042* 
deoxyribonucleic acid synthesis as- 
says, 1031* 
jejunal epithelial cells, 1058* 
Thyroid gland 
function, 357, 361 
and antithyroid agents, 1402 
and cortisol, 1091* 
iodide concentrating, 1067*, 1377, 
1394-1412 
neutron activation analysis for, 
1984-1992 
and triphosphopyridine nucleo- 
tide concentration, 1045* 
and phenylthiocarbamide non- 
tasting trait, 1754, 1755 
tetrachlorothyronine effect, 1377 
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Thyroid gland (cont'd) 
and thyroxine uptake, 1004 
and glucose metabolism, 1045*, 
1069*, 1394-1412 
and glutathione, 1397-1398, 1405- 
141 


and norethylmaleimide, 1397-1398 
peroxidase-iodinase system, 1032* 
protein-bound iodine, 1060* 
and pyridine nucleotide-flavin sys- 
tem, 1033 
radioiodide uptake, 1772, 1984- 
1992 
and thyrotropin, 477, 486-487, 
1045*, 1076* 
Thyrotoxicosis, 1083* 
erythrocyte copper concentration, 
2011 
Thyrotropin 
adipose tissue responses, 476-489 
antisera reactions, 94-103 
and cortisol, 1091* 
and glucose metabolism, 
1403 
and thyroid, 477, 486-487, 1045*, 
1076*, 2060 
and triphosphopyridine nucleotides, 
1045*, 1410-1411 
Thyroxine 
analogs, 1132 
clearance, 996, 998-1004 
after estrogen, 1083*, 2056-2057, 
2060 
globulin binding, 1373-1379 
idiopathic decrease, 2053-2063 
half-life, 997-998, 1001 
in liver disease, 996, 998-1004 
metabolism, 2053-2063 
monodeiodination inhibition, 1133- 
1137 
after salicylate, 1374-1379 
serum, 1083*, 1379, 2056-2057 
turnover, 2057, 2059 
uptake, and carbon dioxide tension, 
1047* 


1069*, 


Tissue 
acellular fibrous, 
plaques, 1151 
adipose, 175, 1059*, 1089* 
acetate, uptake and oxidation, 
395-397, 925, 928-931 
and carbohydrate metabolism, 
482-487, 1277, 1678-1682 
fatty acids, 175, 395-398, 482- 
487, 931, 1360, 1380-1386, 
2171-2179 
growth hormone action, 249 
lipogenesis, 925-932, 1854 
thyrotropin response, 476-489 
buffering process, 1224-1236 


atherosclerotic 


injury, and ‘{ntimal hyperplasia, 
1150 

and insulin, 175, 1059*, 1089*, 1277, 
1678-1682 


differential assay, 2092-2102 
interstitial fibrous, and_ tubule 
separation, 1588-1589 
metabolism, carbohydrate, 482-487, 
1277, 1678-1682 
and arteriovenous difference of 
substances, 2111-2125 
peripheral, role in carbohydrate 
disposition, 1717 
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salivary, and pyridine nucleotide- 
flavin system, 1033* 
uptake and simultaneous release, 
2111-2125 
Toad bladder studies, 1032*, 1039*, 
2103-2110 
Tolbutamide, and insulin resistance, 
1681 
Tonsillitis, and glomerulonephritis, 
post-streptococcal, 1526-1527 
Trachea 
cervical, obstruction susceptibility, 
1086* 
compression, in hyperthyroidism, 
349 


Trachoma virus, 1045*, 1052* 
vaccine, 1045* 
Transferrin 
half-life, 2143-2152 
iron complex, 1072* 
kinetic studies, 1053*, 2143-2152 
turnover, 2143-2152 
Transpiantation 
of adrenal gland, 196-204 
choriocarcinoma, in hamster, 1747 
of kidney, 196-204, 1065* 
plasma-cell tumors, 1696 
skin homografts, 1035*, 
2162-2170 
sensitivity delay, 631-635 
3,3’,5’-Triiodo-DL-thyronine, 1133- 
1137 


1040*, 


Triiodothyronine 
and hyperthyroidism, 1040* 
side effects, 1082* 
uptake, and carbon dioxide tension, 
1047* 

Trimethaphan, cardiovascular re- 
sponse, 1033*, 1883-1889 
Trimethidinium, cardiovascular re- 

sponse, 555-562 
Triparanol 
See also M ER-29 
and aldosteronism, 1063* 
after cholesterol and desmosterol, 
884-893 
Triphosphopyridine nucleotide 
in anterior pituitary metabolism, 
1024* 
in fatty acid synthesis in liver, 
1359-1360 
and glucose-6-phosphate dehydro- 
genase deficiency, 9-14, 923, 
1045*, 1024*, 1060*, 1399 
after phenylhydrazine, 1736, 1740 
after phenobarbital, 1041* 
in thyroid metabolism and iodina- 
tion, 1069*, 1398-1411 
Trit. Sce 3,5,3’-triiodothyronine 
Tritium, labeling 
epinephrine, 253-260 
17-ketosteroids, 403 
Trypsin 
angiotensin inactivation, 1025* 
and erythrocytes, 1061* 
positive direct antiglobulin test, 
&4 


platelet reaction, 1051*, 1606, 1616 
serum albumin hydrolysis with, 
822-824 
soybean, and coagulation, - 814, 


Tryptamine, 46 


Tryptophan 
in albumin peptides, 822 
in cerebrospinal fluid, in mental 
defectives, 1365, 1367, 1370 
and in plasma, 1371 
and ether-esterase, 679-681 
and serum folic acid activity, 89 
urinary excretion, 1055* 
in menstrual cyclic stages, 620- 
622 


in pregnancy, 617-623 
Tuberculosis, and glomerulonephri- 


tis, 1527 
Tumor 
bladder, and glomerulonephritis, 
52 


defibrination syndrome of dissemi- 
nated, 1053* 
plasma-cell, protein 
1696-1705 
Typhoid fever, endotoxin reactivity, 


metabolism, 


Tyrosine 

in cerebrospinal fluid of mental de- 

fectives, 1365-1367, 1370 
and in plasma, 1371 

ethyl ester activation, 674-681 

peptide reactions, 822, 1042* 

phenylalanine conversion from, 
to para-hydroxyphenylpyruvic 
acid, 1763 

protein synthesis from, and testos- 
terone, 1088* 

from sheep thyroids, 1032* 

tolerance tests after amethopterin, 


1746, 1748 


U 
Ulcer 


colitis, antinuclear globulins, 2126- 


duodenal, and glomerulonephritis, 
1527 
Urea 
in cerebrospinal fluid of 
defectives, 1367 
clearance, 147-150, 732 
and dietary intake, 1956 
glomerulonephritis, post-strepto- 
coceal, 1528-1529 
and water reabsorption, 2215- 
2224 
and gamma_ globulin 


mental 


complexes, 
and hyposthenuria, 2215-2224 
and renal concentrating ability, 
145-150, 1338, 1952-1960 
in potassium deficiency, 2215- 
2224 
in renal medulla, 145-150 
in renal papiila, 1956 
synthesis in kidney, 1026* 
transport, 1958-1959 
passive movement concept, 144- 
> 
urinary excretion, 
1057*, 1956-1959 
and water clearance during hydra- 
tion, 732-734, 740 
Uremia 
amino acid conjugates in plasma, 
1208-1216 
and glomerular changes, 1548 
phosphate excretion patterns, 169 


145-150, 909, 
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and urinary tract infection, 1038* 
Uric acid 
after acetazolamide and _hydro- 
chlorothiazide, 1962-1966 
clearance, 1908-1909, 1961-1966 
and ethylaminothiadiazole, 1965, 
1°66 
in hyperuricemia, 1056*, 1486- 
1494, 1961-1966 
isotope recycling into subunits, 
2076-2082 
metabolism, 1961-1966 
in psoriasis, 1486-1494 
* orotic acid uricosuria action, 1909- 
production in gout, 1304-1314, 
1056* 
idiopathic, 663 
reabsorption, 1913 
salivary excretion, 1312 
structural formula, 1913 
turnover rate, 1304, 1313, 1491 
as urate synthesis index, 1310 
urinary excretion, 1052*, 1488, 
1963-1966 
after 6-azauridine, 1906-1913 
and diet, 1304, 1307-1309 
Uridine-5'-phosphate, in* orotic 
aciduria, 656-663 
3, Uridinediphosphate 
1081*, 2022-2023 
Uridinediphosphate galactose-4- 
epimerase, 2022-2023 
Uridinediphosphate glucuronic 
acid, 1026* 
5,Uridinediphosphate glucose, 2022- 
2023 


galactose, 


Uridinediphosphate glucose pyro- 
phosphorylase, 1026* 
Urine 
albumin, in edema, 223-233 
alcohol effects on, 2020-2023 
and aldosterone, 198, 338-347, 903- 
913 
alkaline, 526-527, 1247, 1687-1694 
amino acids, 1081* 
a-aminoisobutyric acid, 1054* 
ammonium, 215-220, 576, 1224- 
1236, 1242-1249 
benzoic acid-adsorbable material, 


bicarbonate, 1224-1236, 1242-1249 
calcium, 236, 237, 1046*, 1066*, 
1074*, 1623 
and route of intake, 1767-1770 
after strontium, 1340-1345 
and vitamin A, 1035* 
and vitamin D, 717-722 
catechol amines after 2-deoxy-p- 
glucose, 174 
chloride, 283, 862, 1224-1236, 1242- 
1249, 1623, 1969 
and ethylenediamine tetraacetate, 
1073* 
chremogen, 1025* 
citrate, 1035*, 1722, 1724 
after acetazolamide, 1290-1296 
composition, 1043* 
after carbon dioxide exposure, 
1233-1236 
and nephron structure-function 
correlation, 1106-1130 
concentration, 150-155, 296-297, 
857, 862, 903-913, 1479-1484 
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and acid-base balance, 1224-1236, 
1242-1249, 1627-1628 
in arteriosclerosis, 1562-1563 
and asymptomatic bacteriuria in 
pregnancy, 1331-1338 
in potassium depletion, 2215-2224 
after pressor agents, 338-347 
after protein feeding, 2215-2224 
and sodium depletion, 867 
urea effect, 1952-1960, 2215-2224 
and water diuresis, 2215-2224 
copper, in Wilson’s disease, 445- 
453 
corticoids, 1319 
corticosterone metabolites, 338-347 
creatinine, 851-856, 1311-1312 
cystine peptide, 1040* 
epinephrine metabolites, 255-259 
flow, 721, 
after aldosterone, 907-908, 911 
and alkaline earth cation excre- 
tion, 236 
after aminophylline, 733 
and citrate infusion, 1291 
after dextrose, 574 ¢ 
after digitalis steroids, 313 
and diuresis, 154-155, 733-741, 
859-865, 1037*, 1043*, 1478, 
* 1969, 2215-2224 
See also Diuresis 
diurnal cycle, 1969-1970 
after estrogem 154-155 
after ferrocyanide, 574 
and fluid restriction, 1046* 
and glomerular filtration rate, 
859-861, 1115-1120 
in hydropenia, 1224-1236, 1478 
after recovery, 1242-1249 
after hyponatremia, 868-870 
after kidney transplant to neck, 
202 
after phosphate loading, 166-168 
after progesterone, 154-155 
and renal concentrating ability, 
721, 1037*, 1043* 
in renal disease, 166-167, 1037*, 
1043* 


in salt deprivation, 2045 
and sodium chloride intake, 
1224-1236, 1242-1249 
after sodium phosphate, 574 
and sulfate, 236, 237, 733 
after strophanthidin, 312 
and urea, 733, 1956 
folic acid, 1052*, 1687-1694 
formiminoglutamic acid, 1091* 
frequency, 1332-1338 
after galactose, 2020-2023 
gamma globulin, 1931, 1933 
gas content, 279-285 
bladder and tonometered differ- 
ences, 291, 29: 
in ephysema, 285-294 
globulin degradation rate, 702 
in glomerulonephritis, 1526-1529, 
1562-1563, 15706. 1576-1577 
and glucose, 1269, 1336 
and glomerular filtration rate, 
1115-1120 
in pregnancy, 2180-2189 
hippuric acid after glycine, 943- 
945, 1311-1312 
in hydropenia, 1072*, 1478 
17-hydroxycorticosteroids, 345 
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hydroxyproline, 843, 849 
iodide, neutron activation analysis, 
1984-1992 
17-ketosteroid, 1025*, 1320 , 
in adrenal tumor, 1049* 
labile citreyorum factor, 87 
magnesium, 236, 1087* 
of newborn, estriol conjugates, 
1085* 
nitrogen, 1224-1236, 1242-1249 
nocturia, 1332-1338 
nondialyzable solids, 1453-1465 
non-urea solute concentration, 1959 
norepinephrine, 345 
orotic acid excretion, 656, 661 
after 6-azauridine, 1906, 1909- 
1910 
osmolarity, 283, 738, 908, 911, 
1072*, 1478, 1481, 1484, 2215- 
2224 
after diuretic agents, 733-741, 
1072*, 1478 
and estrogen, 154-155 
in hydration, 732-741, 1332 
in hypercalcemia, 717, 721 
in hypercalciuria, 721 
in hyperparathyroidism, 720 
in hyponatremia, 869 
in potassium depletion, 2215-2224 
and progesterone, 154-155 
renal concentrating ability, 716— 
and sodium intake, 154-155 
after sodium sulfate, 733 
after urea, 733 
and vasopressin, 157 
and water diuresis, 154-155 
para-aminobenzoylglutamate, 1691 
pH, 219, 576, 1457 
and acetazolamide, 527-529 
after aldosterone, 904, 907-908 
after amino acids, 1046* 
and ammonium, 217-220, 527-529 
and carbon dioxide, 527, 1235 
and folic acid excretion, 1687- 
1694 
and glucose, 527-529 
and net acid balance, 577, 1623- 
1626 


after parathormone, 1070* 

and protein absorption, droplet 
formation, 527 

and sodium bicarbonate, 527-529 

after sodium chloride, 574-575, 
1224-1236, 1242-1249 

after sodium phosphate, 577 

in phenylketonuria, 1747, 1758- 

1765 

and phenylalanine metabolism, 


8 
phosphate, 165, 1035*, 1078*, 1340- 
5 


porphobilinogen, 1048* 

potassium, 338-347, 904, 907-908, 
1044*, 1224-1236, 1242-1249, 
1623-1624 

after caval constriction, 200 

pregnane-3a,17a-diol-20-one, 1025* 

pregnane-3a,17a,20a-triol, 341, 
1025* 

pregnane - 3a,17a,20a-triol -11-one, 


Pscudomonas aeruginosa typing 


phages, 2066-2074 
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Urine (cont'd) 
R-1 mucosubstance, 1453-1465 
sodium, 199-200, 338-347, 735, 718, 
910, 1043*, 1046*, 1160-1162, 
1165, 1224-1236, 1242-1249, 
1623-1624, 1718, 1969 
specific gravity, 283, 1336 
strontium, 236-238, 240, 1812, 1340- 
1345 
sulfate, 1624 
thyroxine excretion, 2058 
total solute, 736- 741, 1043*, 
1478, 148 
tryptophan 617-623 
in non-tropical sprue, 1055* 
urea, and vasopressin, 145-150 
uric acid, 1052*, 1304, 1307-1308 
after acetazolamide, 1962-1966 
after acetylsalicylic acid, 1965 
and 6-azauridine, 1906-1914 
in gout, 1052*, 1309, 1313 
after hydrochlorothiazide, 1963- 


in psoriasis, 1488 
urobilinogen, 1079* 
vitamin By, 1658 
Urobilinsgen, 1079* 

in anemia, 1051* 
Urokinase, 1078* 
Urokon. Sce Acetrizoate 
Uroporphyrin, 1058* 


Vv 


Vaccines 
brucella, in 
1872-1881 
measles virus, 1002* 
trachoma virus, 1045* 
typhoid, serum pyrogenecity, 1027* 
Vagus nerves 
and aldosterone secretion, 1165 
and electrolyte excretion, 1162 
and gallamine effects, 559, 560. 
section, 1162 
cardiorespiratory effects, 1788- 
1794 


rheumatic disease, 


Valine 
in cerebrospinal fluid of mental 
defectives, 1366-1370 
and in plasma, 1371 
protein synthesis from, and testos- 
terone, 1088* 
Vancomycin, and iron uptake, 1037* 
Vascular system. See also Cardio- 
vascular system 
albumin pooling after plasmaphere- 
sis, 603-610 
catecholamine hyperreactivity and 
endotoxin, 1046* 
cerebral, and carbon dioxide, 1297- 
1303 
degeneration disease and arterial 
rigidity, 933-939 
in hypertensive disease, 1915-1920 
See also Hypertension 
peripheral, 1036*, 1062*, 1071*, 
220 


1 
portal, 1413-1420 
in hepatic blood flow measure- 
ment, 1346-1354 
pressure-volume relations, 1036* 
pulmonary, 977, 974, 1061*, 1220, 
1325, 1432-1440, 1786, 1790 
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pressure-flow simultaneous meas- 
urement, 1056* 
and quinidine, 60-65 
renal, 41, 1062*, 1084* 
glomerulonephritis damage, 1532- 
1533, 1547-1548 
resistance, 628, 667, 1031*, 1062*, 
1075*, 1084*, 1089*, 1220, 
1297, 1325, 1431-1440, 1507, 
1586-1790 
and acetylstrophanthidin, 53-58 
after acid infusion, 33, 34, 39 
after amine oxidase inhibitor, 
1077* 
and anesthesia, 593-597 
after atropine, 1787-1788, 1791- 
1794 


after bretylium, 1062*, 1787* 
1788, 1791-1794 

and carbon dioxide, 35-42, 1298 

and cardiopulmonary bypass, 55, 


after digitalis, 53 

after endotoxin, 1634 

after erythrol tetranitrate, 1220- 
1221 

and guanethidine, 1062* 

and intracardiac pressures, 565- 
572, 1034*, 

and lanatoside C, 55 

after lysergic acid, 
1791-1794 

afier a-methyl-3,4-dihydroxy-pL- 
phenylalanine, 1089* 

after phenoxybenzamine, 34, 40 
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rapidly restores the normal calcium-phosphorus ratio, 


Indications: Hypoparathyroidism (postoperative and idiopathic), pseudohypoparathyroidism, vitamin 
D-resistant rickets. Prophylactically, following parathyroid surgery, infant diarrhea that may cause 
tetany, tetany of pregnancy and premenstrual tetany. 


Dosage: Treatment must be maintained under careful control of the calcium level of the blood and 
urine. Initial dose in patients with parathyroid insufficiency, from 3 to 10 ml. (6 to 20 capsules) daily 
for several days; weekly maintenance dose from 1 to 7 mi. (2 to 14 capsules). Treatment may be 
supplemented with from 10 to 15 Gm. of calcium lacta.e or gluconate daily, administered orally. 


Following thyroid operation, 1 ml. (or 2 capsules) should be given daily with 6 Gm. of calcium lactate 
orally until the danger of tetany has passed. For the treatment of patients with premenstrual tetany, 
1 mi. (or 2 capsules) daily, increased to 1.5 ml. (or 3 capsules) daily, the week before menstruation. 
To prevent the development of hypocalcemic tetany in infants with severe diarrhea, 1 ml. of Hytakerol 
should be administered daily with 3 Gm. or more of calcium lactate orally. In patients with vitamin 
D-resistant rickets, a daily dose of from 1 to 2 mi. (or 2 to 4 capsules) may be given. In patients with 
pseudohypoparathyroidism, larger than average doses are required; namely, from 3 to 5 ml. 
(or 6 to 10 capsules) daily. 


How Supplied: Hytakerol solution, bottles of 15 ml. Hytakerol capsules 
(each equivalent to 0.5 ml. Hytakerol solution), bottles of 50. 1 mi. of 
Hytakerol solution contains the equivalent of 0.25 mg. crystalline LABORATORIES 

dihydrotachysterol. (1690 ») New York 18, N. ¥. 


Before prescribing be sure to consult Winthrop’s literature for additional informa- 
tion about dosage, possible side effects and contraindications. 
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REVUE FRANCAISE D’ETUDES 
CLINIQUES ET BIOLOGIQUES 


December, 1961 
Vei. VI, No. 10 
Editorial 
Iso-Anticorps Anti Leucocytaires et Greffe. |]. DAussrt. 
Original Articles 
Analyse d’Une Boucle de Regulation Physiologique. Esquisse d’Un Modele Symbolique de Cette Boucle. 
J. MazABRAUD. 
Etude en Immunofliuorescence des Ganglions de Macroglobulinemie de Waldenstrém. |. Burtin. 
Modifications des Lipides Plasmatiques Apres Ingestion d’Huiles Chez Trois Enfants Normaux et dans 
un Cas d’Absence Congenitale de Lipoproteines. |. PoLoNovski, J. Rey, J. BARp, J. Frézav et M. Lamy. 
Anticoagulant Circulant Inhibiteur du Facteur Anti-Hemophilique a, Decouvert dans les Suites — 
dents de “Toxemie Gravidique.” Evolution vers la Guerison. J. Doxmont, J. Rovusser-Le GuEN, 
P, DuRAFFOURD, O. PROU-WARTELLE et J. CROSNIER. 


Etude du Metabolisme du Calcium Chez le Rat. III. Les Relations Entre les Differents Processus Chez 
le Rat Normal. J.-P. M.S. MoukkTar et G. MILHAUD. 


Original Notes 
Dissociation Entre le Test au Phenol de Kunkel et la Reaction de Burstein au Cours du Cancer. I. 
Juret et J.-P. pe CHouty. 
Perturbations de la Mecanique Ventilatoire Chez des Bronchiteux Chroniques. RR. Prsiix, C. SAUNIER, 
J. Lacoste et P. SApout. 
Les Lois d’Ogino-Knaus Etude Critique a la Lumiere des Donnees de la Courbe Thermique du Cycle 
Menstruel. S. GELLER. 
Duree de Vie des Hematies Chez le Lapin Normal. Marquage “In Vivo” par 51 Cr. H. Benarp, A. 
Gaypos et D. DANTCHEV. 
La Triosephosphateisomerase du Sang Humain Normal. Ses Variations Dans Differents Etats Patho- 
logiques. J. Ropert, M. VAN RYMENANT et F. LaGae. 
Etude Sur l’Hemodynamique Porto-Hepatique. I. Mesure du Debit Sanguin Hepatique au Moyen d’Une 
Methode Utilisant l’Or Colloidal Radio-Actif. Resultats Chez les Sujets Normaux. J.-P. BeNHAMOL, 
C. Grronp, R. Tricot, L. LéGer et R. FAUVERT. 
Etudes Sur l’Hemodynamique Porto-Hepatique. II. Mesure du Debit Sanguin Hepatique au Moyen 
d’Une Methode Utilisant l’Or Colloidal Radio-Actif. Resultats au Cours des Cardiopathies. J.-P. 
BENHAMOL, C. Grronp, R. Tricot, L. LEGER et R. FAUVERT. 
Caracterisation Par Electrophorese en Gelose Des Fractions Proteiques Seriques Capables de Fixer la 
Thyroxine (Thyroxine-Binding Proteins) Chez l’Homme et Chez Differents Animaux a Sang Chaud. 
G. Carrovzov, R. Depreps et S. Lissitzky 
Etude de |’Effet de la Surcharge de Fructose Sur la Glycemie du Sujet Sain et du Diabetique. J.-P. 
SCHENKEL, D. Pometta et H. C. PLATTNER. 
Action Des Biguanides Sur les Effets de la Surcharge Intraveineuse de Fructose. !). Pomerra, J.-P. 
SCHENKEL et H. C. PLATTNER. 
La Cholinesterase Erythrocytaire dans la Cirrhose. 1). Vincent, G. SeGoNzac et G. Sesqueé. 


General Review 


Paraneoplasiques des Cancers Primitifs du Foie. A. ViaLvet, J.-P. BENHAMOU et 
AUVERT 


Technical Notes 


L’Epreuve de Perfusion Calcique. A. FripéRIcH. 


ig Technique de Greffes de Peau Chez la Souris. R. TrexNensaum, A.-M. Méry, J.-L. AMIec et 
x. \IATHE, 


Subscription rate, $19.00 


Special rate for interns and residents, $13.00 


EDITIONS MEDICALES FLAMMARION, 22, rue de Vaugirard, PARIS 6eme. France. 
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The Journal of Clinical Investigation 
333 Cedar Street New Haven 11, Conn. 


COMPLETE VOLUMES 
BACK "ISSUES 


Vol. 27 (1948) six issues and one 
supplement 


Vol. 28 (1949) six issues and two 
supplements 


Vol. 29 (1950) twelve issues 


Vol. 30 (1951) twelve issues and 
one supplement 


Vol. 31 (1952) twelve issues 
Vol. 32 (1953) twelve issues 
Vol. 33 (1954) twelve issues 


Vol. 36 (1957) twelve issues and 
two supplements 


Vol. 37 (1958) twelve issues 
Index, Vols. 1-17, inc. 


Order While Available 


J.C.Il. SUPPLEMENTS 
Order while still available 

Symposium on Malaria 

May, 1948, Part II $2.00 
Symposium on Antibiotics 

September, 1949, Part I $2.00 
Symposium on Radioactive Isotopes 

November, 1949, Part I $2.00 
Treatment of Acute Infectious Hep- 
atitis 

July, 1955, Part IT $1.50 
. The Renal Lesion in Epidemic * 
Hemorrhagic Fever 

January, 1957, Part II $1.50 
Metabolic Studies in  Paralytic 
Acute Anterior Poliomyelitis 

June, 1957, Part II $1.50 

* * * * &* 

Studies on Influenza in the 1957- 
1958 Pandemic 

January, 1959, Part IT $1.50 
History of the A.S.C.I. 

October, 1959, Pt. II $1.50 


Order through the Business Office of 


THE JOURNAL OF CLINICAL INVESTIGATION 
333 Cedar Street New Haven 11, Conn. 
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Coleman Chem-Matic, fully automated with printed readout... 


it’s never been done before 


Here, for the first time, is a complete, 
unitized analytical system. Chem-Matic 
takes up to 30 samples at a time, auto- 
matically gives you a printed readout. 
Instrument operates unattended, frees 
the chemist for other duties. It can be 


programmed to perform most routine 
analyses. 

The Chem-Matic uses a spectropho- 
tometer with split-beam optical system. 
It takes only 3 feet of counter space. 


For complete literature or a demonstration, ask your S/P Representative, or write: 


scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - Boston - Charlotte - Chicago - Columbus - Dallas - 
Los Angeles - Miami - Minneapolis - New York » San Francisco - Seattle 


Detroit - Kansas City 
* Washington 


Export Department—Flushing 58, L. I., New York. In Canada: Canadian Laboratory Supplies Limited. 
in Mexico: Hoffmann-Pinther & Bosworth, S. A. 
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Measure PRESSURE 


TEMPERATURE AIR FLOW | 


VELOCITY DISPLACEMENT FORCE 
with PRECISION 
SANBORN TRANSDUCERS 


You can meet a wide variety of requirements 
from this broad selection of accurate, compact 
Sanborn Transducers. Series 267 and 268 Physio- 
logical Pressure Transducers are designed for 
either differential or single-ended measurements 
in such applications as cardiac catheterization and 
studies of circulatory, respiratory, esophogeal, 
spinal or gastric pressures. Two basic sensitivities 
are available: 1.0 or 0.1 mm Hg produces 1 cm. 
chart deflection. Model 270 Bi-Directional Differ- 
ential Gas Pressure Transducer permits measure- 
ments of small pressure changes (1 ecm/0.5 mm 
H20) over a wide range with excellent linearity 
and 'w drift. Pneumotach heads for respiratory 
air flow measurements are available for use with 
the 270. Excellent stability and temperature com- 
pensation also make the Model 270 particularly 


MEDICAL 


SAN BORN™N 


suitable for plethysmography applications. 


Model 760-53 Calibrated Temperature Bridge and 
a variety of interchangeable thermistor probes 
are available for use with any Sanborn Carrier 
Preamplifier for accurate recording or monitoring 
of physiological temperatures with full scale sen- 
sitivity of 1°C and 2.5°C. 


In addition, Sanborn offers pneumograph and 
pulse wave attachments, heartsound microphones, 
linear velocity and displacement transducers, and 
transducers for force measurements in myo- 
graphic studies. For complete information con- 
tact your nearest Sanborn Branch Office or 
Service Agency —or write Manager, Research 
Instrument Sales, Medical Division. 


DIVISION 


175 Wyman St., Waltham 54, Massachusetts 
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The PACKARD 
ARMAC 


Scintillation Detector... 


A compact, wholly self-contained liquid scintillation detector 

that can be used as a whole body counter for small 

animals, as a radioactivity counter for bulk samples of foods, 
soils and other materials, and as an arm-only counter on humans. 


This versatile and economical new instru- 
ment enables the research worker to count 
even natural levels of radioactivity con- 
veniently. Because of the great sensitivity 
and excellent counting geometry of the 
ARMAC Detector, high counting rates 
can be obtained with the administration 
of very small amounts of radio-nuclides 

. only 1,100 to 1/1000 of maximum 
permissible levels. 


A complete system consists of the ARMAC 
Detector and a Model 410A Auto-Gamma 
Spectrometer, both mounted on a mobile 
housing. Provision is made for addition of 
automatic data read-out or ratemeter pres- 
entation. Complete information can be 
obtained from your Packard Sales Engi- 
neer or by writing direct to the company. 


Model 410A 
Auto-Gamma 


Spectrometer 


Array of 


ix 
Photomultiplier 
Tubes 


Liquid 
Scintillator 


Counting 
Chamber 


Rubber Tired 
Casters 


DIAGRAM—ARMAC SCINTILLATION DETECTOR 
WITH SPECTROMETER 


2” Lead 
Shield 


INSTRUMENTS FOR RADIOACTIVITY MEASUREMENT AND CHROMATOGRAPHY 


SALES OFFICES 
CHICAGO - ALBUQUERQUE - ATLANTA - BOSTON - DALLAS 


a cl : ard LOS ANGELES - NEW YORK - PHILADELPHIA - PITTSBURGH 
SAN FRANCISCO - 
LONDON end FRANKFORT/MAIN 


WASHINGTON, D.C. ZURICH PARIS 


PACKARD INSTRUMENT COMPANY, INC. 
LA GRANGE 53, ILLINOIS 


LANCASTER PRESS, INC., 


LANCASTER, PA. 
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